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ADVERTISEMENT. 



The present publication is one of a series devoted to the discussion 
and more precise determination of various ** Constants of Nature ; " and 
forms the Fifth contribution to that subject published by this Institution. 

The First number of the series, embracing tables of ** Specific Gravi- 
ties " and of Melting and Boiling Points of Bodies, prepared by the same 
author, Prof. F. W. Clarke, was published in 1873. The Fourth part of 
the series, comprising a complete digest of the various "Atomic Weight " 
determinations of the chemical elements published since 1814, com- 
mencing with the well-known " Table of Equivalents " by WoUaston 
fgiven in the Philosophical Transactions for that year), compiled by 
Mr. George F. Becker, was published by the Institution in 1880. The 
present work comprises a very full discussion and recalculation of the 
"Atomic Weights " from all the existing data, and the assignment of 
the most probable value to each of the elements. 

The first edition of this work was published In 1882, and this new 
edition, revised and enlarged by Professor Clarke, contains new informa- 
tion accumulated during the past fifteen years. 

S. P. Langley, 
Seo'eiary of the Smithsonian histitxdion. 

Washington, January^ 1897, 
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A RECALCULATrON OF THE ATOMIC WEIGHT&!fl 



! FRANK WIGGLES WO UTH CLARKE. 



INTRODUCTION. 

In the autumn of 1877 tlie writer b^an collecting data relative t 
■ letermiiiatimis of atomic weiRht, with the purpose of preparing a coio-l 
plwle r^um^ of the entire subject, and of recalculating all the estiina-" 
tioiis. The work was fairly under way, the material was collected and 
partly discuased, when 1 received from the Smithsonian Institution a 
manuscript by Professor George F. Becker, entitled "Atomic Weight 
Determinations; a Digest of the Investigations Published since 1814," j 
This manuacript, which has since been issued as Part IV of the " Cod* J 
stents of Nature," covered much of the ground contemplated in my own 
undertaking. It brought together all tlie evidence, preaenting it clearly 
and thoroughly in compact foim ; in short, that portion of the task could 
not well he improved upon. Accordingly, I decided to limit my own 
labors to a critical recalculation of the data; to combine all the figures 
upon a common mathematical basis, and to omit everything which could 
as well be found in Professor Becker's " Digest." 

In due lime my work was completed, and early in 1882 it was pub- 
lished. About a year later Meyer and Seubert'a recalculation appeared, 
to be followed later still by the less elaborate discussions of Sebelien and 
of Ostwald. All of these works differed from one another in various 
csiienlial particulars, presenting the subject from different points of view, 1 
and with dlfferant methods of calculation. Each one, therefore, has it* I 
own special points of merit, and, in a sense, reinforces the others. At 
the same time, the scientific activity which they represent shows how 
widuepread was the interest in the subject of atomic weights, and how 
I'undn mentally important these constants undoubtedly are. 

The immediate effect of all these publications was to render manifest 
the imperfections of many of the data, and to point out most emphatic- 
ally in what directions new work needed to he done. Consequently, there 
lias been since 1884 an extraordinary activity in the determination of 
aloraie weights, and a great mass of new material has accumulated. The 
assimilation of this material, and ita combination with the old data, ie 

Hhe object of the present volume. 

■ (1) 



2 THE ATOMIC WEIGHTS. 

At the very beginning of my work, certain fundamental questions con- 
fronted me. Should I treat the investigations of different individuals 
geparately, or should I combine similar data together in a manner irre- 
Hpective of persons ? For example, ought I, in estimating the atomic 
wei^lit of silver, to take Stas' work by itself, Marignac's work by itself, 
and 80 on, and then average the results together; or should I rather 
combine all series of figures relating to the composition of potassium 
clilorate into one mean value, and all the data concerning the composi- 
tion of silver chloride into another mean, and, finaHy, compute from such 
general means the constant sought to be established ? The latter plan 
was finally adopted ; in fact, it was rendered necessary by the method of 
least squares, which, in a special, limited form, was chosen as the best 
method of dealing with the problem. 

The mode of discussion and combination of results was briefly as 
follows. . The forraulffi employed are given in another chapter. I began 
with the ratio between oxygen and hydrogen ; in other words, with the 
atomic weight of oxygen referred to hydrogen as unity. Each series of 
experiments was taken by itself, its arithnjetical mean was found, and 
the probable error of that mean was computed. Then the several means 
were combined according to the appropriate formula, each receiving a 
weight dependent upon its probable error. The general mean thus estab- 
lished was taken as the most probable value for the atomic weight of 
oxygen, and, at the same time, its probable error was mathematically 
assigned. 

Next in order came a group of elements which were best discussed 
together, namely, silver, chlorine, potassium, sodium, bromine, and 
iodine. For these elements there were data from many experimenters. 
All similar figures were first reduced to common standards, and then 
the means of individual series were combined into general means. Thus 
all the data were condensed into nineteen ratios, from which several 
independent values for the atomic weight of each element could be 
computed. The probable errors of these values, however, all involved 
the probable error of the atomic weight of oxygen, and were, therefore, 
higher than they would have been had the latter element not entered 
into consideration. Here, then, we have suggested a chief peculiarity 
of this whole revision. The atomic weight of each element involves 
the probable errors of all the other elements to which it is directly or 
indirectly referred. Accordingly, an atomic weight determined by refer- 
ence to elements whose atomic weights have been defectively ascertained 
will receive a high probable error, and its weight, when combine^ with 
other values, will be relatively low. For examj)le, an atomic weight 
ascertained by direct comparison with hydrogen will, other things being 
equal, have a lower probable error than one which is referred to hydro- 
gen through the intervention of oxygen ; and a metal whose equivalent 
involves only the probable error of oxygen should be more exactly 
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kiiowTi than one which depends upon the errors of silver and chlorine. 
These points will appear more clearly evident in the subsequent actual 
discussions. 

But althougli the discussion of atomic weights is ostensihiy mathe- 
liiatical, it cannot be purely bo. Chemical considerations are necessarily 
iiivolve<l at every turn. Jn assigning weights to mean values I have 
liten, fur the most part, rigidly guided by mathematical rules; but in 
.■^.mie cases I have been compelled to reject altogether series of data 
nhioh were mathematically excellent, but chemically worthless becauss 
111' constant errors. In certain instances there were grave doubts as to .1 
M liether particular figures should be included or rejected in the calcula- 
iJMii of means, there having been lesitimate reasons for either procedure. 
I'robahly many chemists would differ with me u))pn such points of judg- 
ment. In fact, it is doubtful whether any two chemists, working inde- 
pendently, would handle all the data in precisely the same way, or 
combine them so as to produce exactly the same final results. Neither 
would any two mathematicians follow identical rules or reach identical 
conclusions. In i^leulating the atomic weight of any element thosft 
values are assigned to other elements which have been determined in 
previous chapters. Hence a variation in the order of discussion might 
load to slight differences in the final results. 

As a matter of course the data herein combined are of very unequal 
value. In many series of experiments the weighings have been reduced 
to a vacuum standard ; but in most cases chemists have neglected thia 
correction altogether. In a majority of instances the errors thus intro- 
duced are slight ; nevertheless they exist, and interfere more or less with 
all attempts at ti theoretical consideration of the results. 

Necessarily, this work omits many details relative to experimental 
methods, and particulars as to the arrangement of special forms of appa- 
ratus. For such details original memoirs must be consulted. Their in- 
clusion here would have rendered the work unwarrantably bulky. There 
is such a thing aa over-exhaustiveneaa of treatment, which is equally 
objectionable with under -thoroughness. 

Of course, none of the results reached in this revision can be consid- 
ered as final. Every one of them is liable to repeated corrections. To 
my mind the real value of the work, great or little, lies in another direc- 
tion. The data have been brought together and reduced to common 
f-tjindards, and for each series of figures the probable error has been da- 
lennincd. Thus far, however much my methods of combination may 
III! criticised, I feel that my labors will have been useful. The ground is 
cleared, in a measure, for future experimenters; it is possible to see more 
distinctly what remains to be done ; some clues are furnished aa to the 
relative merits of different series of results. 

On the mathematical side my method of recalculation has obvious 
deficiencies. It is special, rather than general, and at some future time, 
wil«a ft '9tl|£icieiiUy lat^e maaa of evidence has accumulated, it 
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give way to a more thorough mode of treatment. For example, the ratto 
Ag, : BaBr, has been used for computing the atomic weight of barium, 
the atomic weights of silver and bromine being supposed to be knovn. | 
But these atomic weights are subject to small errors, and they are super- ! 
im]H>sed upon that of the ratio itself in the process of calculation. Ob- 
viously, the ratio should contribute to our knowledge of all three of the | 
atomic weights involved in it, its error being distributed inU) three parts ', 
instead of appearing in one only. The errors may be in part compensa- 
tory ; but that is not certainly known. ■ ' 

Suppose now that for every element we had a goodly number of atomic , 
weight ratios, connecting it with at least a dozen other elements, and all * 
measured with reasonable accuracy. These hundreds of ratios could ' 
then be treated as equations of observation, reduced to linear form, and I 
combined by the general method of least squares into normal equations. 
All errors would thus be distributed, never becoming cumulative; and ' 
the normal equations, solved once for all, would give the atomic weights ! 
of- all the elements simultaneously. The proceea would be laborious ' 
but the result would be the closest possible approach to accuracy. The ' 
data as yet are inadequate, although some small groups of ratios may I 
be handled in that way ; but in time the method is sure to be applied, 
and indeed to be the only general method applicable. Even if every ratio j 
was subject to some small constant error, this, balanced against the ' 
similar errors of other ratios, would become accidental or unsystematic ] 
with reference to the entire mass of material, and would practically 
vanish from the Anal means. 

Concerning this subject of constant and accidental errors, a word may ] 
be said here. My own method of discussion eliminates tlie latter, whi<^ 
are removable by ordinary averaging; but the constant errors, vicious \ 
and untractable, remain, at least partially. Still, where many ratios ' 
are considered, even the systematic errors may in part compensate each I 
other, and do less harm than might be expected, They have, moreover, , 
a peculiarity which deserves some attention. ] 

In the discussion of instrumental observations, the systematic entHV ) 
are commonly constant, both as to direction and as to magnitude. They I 
are therefore independent of the accidental errors, and comjiutation of : 
means leaves them untouched. But in the measurement of chemical 
ratios the constant errors are most frequently due to an impurity in one , 
of the materials investigated. If diflerent samples of a substance ure , 
studied, although all may contain the same impurity, they are not likely 
to contain it in the same amount ; and so the values found for the ratio I 
will vary. In other words, such errors may be constant in direction but ' 
variable in magnitude. That variation appears in the probable error ' 
computed for the series of observations, diminishes its weight when com- , 
bined with other series, and so, in part, corrects itself. It is not removed 
from the result, but it is self-mitigated. The constant errors familiar to ■ 
physicist and astronomer are obviously of a different order. 




That all methods of averaging are open to objections, I am of coi 
porffclly aware, I also know the doubta which attach to all queetioQS 
nt' probable error, and to all combinations of data which depend uj>on 
ihem. I have, however, preferred to face these objections and to rec(^- 
iiize these doubts rather thivn to adopt any arViitrary scheme which per- 
v.iils of a loose selection of data. After all, the use of probable error as 
:i ineaiia of weighting is hut a means of weighting, and perhaps more 
ji.istifiable than any other method of attaining the same result. When 
(liiser vat ions are weighted empirically — that is, by indivicluftl judg- 
ment — far greater dangers arise. Almost unconHcioualy, the work of »_ 
famous man ia given greater weight than that of some obscure chemirt,- 
although the latter may ultimately prove to be the beat. But the prob*. 
able error of a series, of measurements is not affected by the glamor of:' 
great names; and the weight which it assigns to the observations ia af] 
least as safe a- any otlier. In the long run, I believe it assigna weight' 
more accurately, and* therefore I have trusted to its indications, not 
if it were a mathematical fetish, but regarding it as a safe guide, eveu 
though sometimes fallible. 

In Meyer and Seubert'a recalculation, weights are assigned in quite a 
novel manner. In each series of experiments the maximum and mini- 
mum results are given, but instead of the mean there is a value deduced 
from the sum of the weighings — that is, each experiment is weighted 
proportionally to the mass of the material handled in it. For this 
method I am unable to find any complete justitication. Of course, the 
errors <lue to the operations of weighing become proportionally smaller 
as the quantity of material increases, but these errors, with modem 
apparatiis, are relatively unimportant. The real errors in atomic weight 
<ie(<.Tmi nations are much larger than these, and due t-o different causes. 
Hence an experiment upon ten grammes of material may be a little better 
than one made upon five grammes, but it is by no means necessarily 
twice as good. The ordinary mean of a series of observations, with its 
measure of concordance, the probable error, is a bettor value than oqe 
obtained in the manner just described. If only errors of weighing were 
to be considered, Meyer and Seubert'a summation method would be 
valid, but in the presence of other and greater errors it seems to have 
but little real pertinency to the problem at hand. 

In addition to the usual periodicals, the following works have been 
freely used by me in the i)reparation of this volume : 

SrbxelIOS, J. J. Lehrbuch der Chemie. 5 Auflage. Dritter Band. 
SS. 1147-1231. 1S45. 

Vau Gbuns, W. a. J. Prosve eener Geschiedenis van de j^iquivalent- 
getallen der Scheikundige GrondstofFen en van hare Hoortelijke 
Gewiglen in Gasvorm, voornamelijk in Betrekking tot de vier 
Grondstoffen der Bewerktuigde Natuur. Amsterdam, 1853. 
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Mulder, E. Historisch-Kritisch Overzigt van de Bepalingen der iEquiv- 
alent-Gewigten van 13 Eenvoudige Ligchamen. Utrecht, 1853. 

Mulder, L. Historisch-Kritisch Overzigt van de Bepalingen der ^quiv- 
alent-Gewigten van 24 Metalen. Utrecht, 1853. 

OuDEMANs, A. C, Jr. Historisch-Kritisch Overzigt van de Bepaling der 
^Equivalent-Gewigten van Twee en Twintig Metalen. Leiden, 
1853. 

Stas, J. S. Untersuchungen iiber die Gesetze der Chemischen Propor- 
tionen iiber die Atoragewichte und ihre gegenseitigen Verhalt- 
nisse. Uebersetzt von Dr. L. Aronstein. Leipzig, 1867. 

See also his " Oeuvres Completes," 3 vols., published at Bruxelles 
in 1894. 

Meyer, L., and Seubert, K. • Die Atomgewichte der Elemente, aus den 
Originalzahlen neu berechnet. Leipzig, 1883. 

Sebelien, J. Beitrage zur Geschichte der Atomgewichte. Braunschweig, 

1884. 

OsTWALD, W. Lehrbuch der allgemeinen Chemie. Zweite Aufl. I 
Band. SS. 18^138. Leipzig, 1891. 

The four Dutch monographs above cited are especially valuable. 
They represent a revision of all atomic weight data down to 1853, as 
divided between four writers. 

For the sake of completeness the peculiar volume by Hinrichs * must 
also be cited, although the methods and criticisms embodied in it have 
not been generally endorsed. Hinrichs' point of view is so radically 
different from mine that I have been unable to make use of his discus- 
sions. His objections to the researches of Stas seem to be quite un- 
founded ; and the rejoinders by Spring and by Van der Plaats are suffi- 
ciently thorough. 

* The True Atomic Weight of the Chemical Elements and the Unity of Matter. St. Louis, 1894. 
Compare Spring, Chem. Zeitung, Feb. 22, 1893, and Van der Plaats. Compt. Rend., 116, 1362. See 
also a paper by Vogel, with adverse criticisms by Spring and I,. Henry, in Bull. Acad. Bruxelles, 
(3). 26, 469. 
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FORMULA FOR THE CALCULATION OF PROBABLE ERROR. 

The formula for the probable error of an arithmetical mean, familiar 
to all physicists, is as follows : 

^ ' '^\«(«-— I) 

Here n represents the number of observations or experiments in the 
series, and S the sum of the squares of the variations of the individual 
results from the mean. 

In combining several arithmetical means, representing several series, 
into one general mean, each receives a weight inversely proportional to 
the square of its probable error. Let A, B, C, etc., be such means, and 
a, b, c their probable errors respectively. Then the general mean is de- 
termined by the formula :* 

A. M A JL £- 

f^i "T /,t ~r yi 



(2.) M = -:^ 



a' ^ d' ^ c^ 



For the probable error of this general mean we have : 



(3.) 



e = 






In the calculation of atomic and molecular weights the following 
formula) are used : Taking, as before, capital letters to represent known 
quantities, and small letters for their probable errors respectively, we 
have for. the probable error of the sum or diflerence of two quantities, 
A and B : 

For the product of A multiplied by B the probable error is 
(5-) e= \/{KbY^\ha)^ 

For the product of three quantities, ABC : 
(^') e = i/(BCa)'^ -I- {\^bY ^ (Ab^}^ 

Fot a quotient, V the probable error becomes 

,7., ■ n/(¥)'"-^ 
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Given a proportion, A : B : : C : a:, the probable error of the fourth term 
is as follows : 



,_^jm 



(8) xix --- # H-(C<^)*f (B^)'. 



This formula is used in nearly every atomic weight calculation, and 
is, therefore, exceptionally important. Rarely a more complicated case 
arises in a proportion of this kind : 

A:B::C + a::D + a: 

In this proportion the unknown quantity occurs in two terms. Its 
probable error is found by this expression, and is always large: 

\(A— B)«^ ^ '^ (A — B)» 

When several independent values have been calculated for an atomic 
weight they are treated like means, and combined according to formula* 
(2) and (3). Each final result is, therefore, to be regarded as the general 
or weighted mean of all trustworthy determinations. This method of 
combination is not theoretically perfect, but it seems to be the one most 
available in practice. 
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The ratio between ox.vgen and hydrogen is the foundation upon which 
the entire system of atomic weights is sustained. Hence, the accuracy 
of its determination has, from the beginning, been recognized as of ex- 
treme imj)()rtance. A trifling error here may become cumulative when 
rej)eated through a moderate series of other ratios. But few of the 
elemenU< have, so far, been compared directly with the unit, hydrogen; 
l)ractically all of them are referred to it through the intervention of 
oxygen, and therefore the ratio in tpiestion requires discussion before 
anv other can be profitablv considered. 

Leaving out of account the earliest researches, which now have only 
historical value, the first determinations to be noted are those of Dulong 
and Berzelius,* who, like some of their successors, effected the synthesis 
of water over heated oxide of copper. The essential features of the 
method are in all cases the same. Hydrogen gas is passed over thfe hot 
oxide, and the water thus formed is collected and weighed. From this 
weight and the loss of weight which tlie oxide undergoes, the exact com- 



* Thomson's Annals of Philosophy, July, 1S21, p. 50. 
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position of water is readily calculated. Dulong and Berzelius made but 
three experiments, with the following results for the percentages of 
oxygen and hydrogen in water : 

O. H. 

88.942 11.058 

88.809 1 1. 191 

88.954 11.046 

From these figures we get, for the atomic weight of oxygen, the values — 

16.124 
15.863 
16.106 



Mean, 16.031, dz .057. 

As the weighings were not reduced to a vacuum, this correction was 
aflerwards applied by Clark,* who showed that these syntheses really 
make O = 15.894 ; or, in Berzelian terms, if O = 100, H = 12.583. The 
value 15.894, dz .057 we may therefore take as the true result of Dulong 
and Berzelius' experiments, a result curiously close to that reached in 
the latest and best researches. 

In 1842 Dumas t published his elaborate investigation upon the com- 
l)Osition of water. The first point was to get pure hydrogen. This gas, 
evolved from zinc and sulphuric acid, might contain oxides of nitrogen^ 
sulphur dioxide, hydrosulphuric acid, and arsenic hydride. These im- 
purities were removed in a series of wash bottles ; the H^S by a solution 
of lead nitrate, the HjAs by silver sulphate, and the others by caustic 
potash. Finally, the gas was dried by passing through sulphuric acid, 
or, in some of the experiments, over phosphorus pentoxide. The copper 
oxide was thoroughly dried, and the bulb containing it was weighed. 
By a current of dry hydro«;en all the air was expelled from the ai)paratus. 
and then, for ten or twelve hours, the oxide of copper was heated to dull 
redness in a constant stream of the gas. The reduced copper was allowed 
to cool in an atmosphere of hydrogen. The weighings were made with 
the bulbs exhausted of air. The following table gives the results : 

Column A contains the symbol of the drying substance ; B gives tlie 
weight of the bulb and copper oxide ; C, the weight of bulb and reduced 
copper; D, the weight of the vessel used for collecting the water; E, the 
same, plus the water; F, the weight of oxygen ; G, the weight of water 
formed ; H, the crude equivalent of H when O = 10,000; I, the c(iuiva- 
lent of H, corrected for the air contained in the sulphuric acid employed. 
This correction is not explained, and seems to be (]uestionable. 

♦Philosophical Magazine, 3d series, 20, 341. 
tCompt. Rend., 14, 537. 
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In the sum total of these nineteen experiments, 840.161 grammes of 
oxygen form 945.439 grammes of water. This gives, in percentages, for 
the composition of water — oxygen, 88.864 ; hydrogen, 11.136. Hence 
the atomic weight of oxygen, calculated in mass, is 15.9608. In the 
following column the values are deduced from the individual data given 
under the headings F and G : 



5994 
6.014 
6.024 
5.992 
5.916 
5.916 

5.943 
6.000 

5.892 

5-995 
5.984 

5.958 
5.902 

5.987 
5.926 

5.992 

5.904 
5.900 

6.015 



Mean, 



5.9607, with a probable error of rb .0070. 



In calculating the above column several discrepancies were noted, 
probably due to misprints in the original memoir. On comparing col- 
umns B and C with F, or D and E with G, these anomalies chiefly ap- 
pear. They were detected and carefully considered in the course of my 
own calculations ; and, I believe, eliminated from the final result. 

The investigation of Erdmann and Marchand * followed closely after 
that of Dumas. The method of procedure was essentially that of the 
latter chemist, differing from it only in points of detail. The hydrogen 
used was prepared from zinc and sulphuric acid, and the zinc, which 
contained traces of carbon, was proved to be free from arsenic and sul- 
phur. The copper oxide was made partly from copper turnings and 
partly by the ignition of the nitrate. The results obtained are given in 
two series, in one of which the weighings were not actually made in 
vacuo, but were, nevertheless, reduced to a vacuum standard. In the 
second series the copper oxide and copper were weighed in vacuo. The 
following table contains the corrected weights of water obtained and o 
the oxygen in it, with the value found for the atomic weight of oxygen 
in a third column. The weights are given in grammes. 



♦ Journ. fQr Prakt. Chem., 1842, bd. 26, s. 461. 
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THE ATOMIC WEIGHTS. 





First Sei^ies. 




m. Water, 


wt, 0. 


At. Wt. 0. 


62.980 


55-950 


>5.9i7 


95-6i2 


84.924 


15.891 


94.523 


84.007 


15-977 


35-40I 


31.461 


15.970 




Mean, 15.939, ± 




Second Series, 




WL Water, 


Wt. 0, 


At, Wt. 0. 


41.664 


37.034 


15.996 


44.089 


39.195 


16.01S 


53.232 


47.321 


16.011 


55-636 


49-460 


16.017 



.014 



Mean, 16.010, ib .0036 



The effect of discussino; these two series separately is somewhat s 
ling. It gives to the four experiments in Erdmann and Marcha 
second group a weight vastly greater than their other four and Du 
nineteen taken together. For so great a superiority as this there i 
adequate reason ; and it is highly probable that it is due almost ent 
to fortunate coincidences, rather than to greater accuracy of work, 
will, therefore, treat Erdmann and Marchand's experiments as one s< 
giving all e(iual weight, the mean now becoming = 15.975, db .( 
If we take the sum of the eight exjieriments, 483.137 grammes v 
and 429.352 grammes oxygen, and compute from these figures, 
O = 15.966. 

It would be easy to point out the sources of error in the foregoing 
of determinations, but it is hardly worth while to do so in detail. I 
leading suggestions are enough for present purposes. First, there : 
insignificant error due to the occlusion of hydrogen by metallic co] 
rendering the apparent weight of the latter a trifle too high. Seooi 
as shown by Dittmar and Henderson, hydrogen dried by passage thn 
sulphuric acid becomes percei)tibly contaminated with sulphur dio; 
In the third place, Morley* has found that hydrogen prepared from 
always contiiins carbon compounds not removable by absorption 
wjishing. P>dmann and Marchand themselves note that their zinc 
tained traces of carbon. Finally, copper oxide, especially when 
))ared by the ignition of the nitrate, is very a])t to contain gaseous im 
ties, and i)articularly occluded nitrogen. f Any or all of these sourc 
error may have vitiated the three investigations so far considered, I 
would 1)0 useless to speculate as to the extent of their influence. 



• Amcr. Chem. Journ,, 12, 469. 1890. 

fSce Richards' work cited in the chapter ou copper. 



limply sccoant, however, for the differences between the older and the | 
later determinations of the constant under disousaiou. ] 

I-enving out of account idl nieasureniBnts of the relative densities of ] 
hydrogen and oxygen, to be considered separately later, the next de- 
teniiiniition to be noted is that published hy J. Thonisen in 1870.* 
T.'n fortunately this chemist has not published the details of his work, 
■ .It only the end reaulta. Partly by the oxidation of hydrogen over 
iti-d copper oxide, and partly hy its direct union with oxygen, Thora- 
- II finds that at the latitude of Copenhagen, and at sea level, one litre of 
lii-v hydrogen at 0° and 760 mm. pressure will form .8041 Eramme of 
water. According to Reguault, at this latitude, level, temperature, and 
pressure, a litre of hydrogen weighs .0S954 gramme. From these data 
, *■ 15.9605. It will be seen at once that Thomaen'a work depends in 
I great part upon that of Regnault, an<l is therefore subject to the correo- 
P tiona recently applied by Crafts and others to the latter. These cor- 
rections, which will be discussed further on, reduce the value of O from 
l.i.9G05 to 15,91. In order to combine this value with others, it is neces- 
sary to assign it weight arbitrarily, and as Thorasen made eight experi- 
ments, which are said to be concordant, it may be fair to rank hia 
determination with that of Erdmaiin and Marchand. and to assume for 
it the same probable error. Tite value 15,91, ± .0113 will therefore be 
taken as the outcome of Thomsen's research. 

In 1887 Cooke and Richards published the results of their elaborate 
investigation-t These chemists weighed hydrogen, burned it over copper 
oxide, and weighed the water produced. . The copper oxide was prepared 
from absolutely pure electrolytic copper,and the hydrogen was obtained 
from three distinct sources, as follows : First, from pure zinc and hydro- 
chloric acid ; second, by electrolysis, in a generator containing dilute 
hydrochloric acid and zinc-mercury amalgam; third, by the action of 
caustic potash solution upon sheet ahiminum. The gas was dried and 
puritied by pass^e through a system of tubes and towers containing 
potash, calcium chloride, glass beads drenched with sulphuric acid, and 
plujaphorus pentoxide. No impurity could be discovered in it, and even 
nitrogen was sought for spectroscopically without being found. 

The hydrogen was weighed in a glass globe holding nearly five litres 
and weighing 570.5 grammes, which was counterpoised by a second globe 
of exactly the same external volura.e. Before filling, the globe was ex- 
hausted to within 1 mm. of mercury and weighed. It was then filled 
with hydrogen and weighed again. The difference between the two 
weights gives the weight of hydrogen taken. 

In burning, the hydrogen was swept from the globe into the combus- 
tion furnace by means of a stream of air which had previously been 
pa-ssed over hot reduced copper and hot cupric oxide, then through potash 



I 
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bulbs, and finally through a system of driers containing successively 
calcium chloride, sulphuric acid, and phosphorus pentoxide. The water 
formed by the combustion was collected in a condensing tube connected 
with a U tube containing phosphorus pentoxide. The latter was fol- 
lowed by a safety tube containing either calcium chloride or phosphorus 
pentoxide, added to the apparatus to prevent reflex diflfusioh. Full 
details as to the arrangement and construction of the apparatus are 
given._ The final results appear in three series, representing |the three 
sources from which the hydrogen was obtained. All weights are cor- 
rected to a vacuum. 

• 

First Series. — Hydrogen from Zinc and Acid, 



Wt. of H. 


m, H^o, 


^/. m, 0. 


.4233 


. 3-8048 


15.977 


.4136 


3.7094 


15-937 


.4213 


3.7834 


15.960 


.4163 


3-7345 


15.941 


.4i3> 


3-7085 


15.954 




Mean, 15.954, rb .0048 


Second Series, 


— Electrolytic 


Hydrogen, 


.4112 


3.6930 


15-962 


.4089 


3-6709 


15.955 


.4261 


3.8253 


15.955 


.4197 


3.7651 


15.942 


.4144 


3.7197 


15.953 



Mean, 15.953, ± .0022 

Third Series, — Hydrogen from Aluminum, 



.42205 


3-7865 


>5-943 


.4284 


3.8436 


15.944 


.4205 


3-7776 


«5.967 


.43205 


3.8748 


15-937 


.4153 


3.7281 


15-954 


.4167 


3.7435 


15.967 



Mean, 15-952, dr. 0035 
Mean of all as one series, 15.953, ±: .0020 

Shortly after the appearance of this paper by Cooke and Richards 
Ijord Rayleigh pointed out the fact, already noted by Agamennone, that 
a glass globe when exhausted is sensibly condensed by the pressure of 
the surrounding atmosphere. This fact involves a correction to the fore- 
going data, due to a change in the tare of the globe used, and this cor- 
rection was promptly determined and applied by the authors.* By a 

• Proc. Amer. Acad., 23, 182. Am. Chem. Joum., 10, 191. 
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careful series of measurements they found that the correction amounted ' 
to an average iucreaae of 1.98 milligrammes to the weight of hydrogen | 
taken in each experiment. Hence equals not 15,953, but ]5.86!>, 
probable error remaining unchanged. The final result of Cooke i 
Kicbards' investigation, therefore, ia 



Keiser's determinations of the atomic weight of oxygen were published 
almost simultaneously with Cooke and Richards'. He burned hydrogen i 
occluded by palladium, and weighed the water so formed. In a pre- 
liminary paper* the following results are given: 



m. of H. 


Wt. of Hf>. 


At. Wt. 0. 


.6S.00 
.60517 
■33733 


S-8'777 
5.41540 
3.0065s 


IS- 873 
1S.S57 
.5.822 



Mean, 15.864, ± .015 

Not long after the publication of the foregoing data Reiser's full paper 
iiiieared.f Palladium foil, warmed to a temperature of 250°, was satu. 
;iid with hydrogen prepared from dilute sulphuric acid and zinc free 
lu arsenic. From 100 to 140 grammes of palladium were taken, and 
11 was first proved that the metal did not absorb other gases which might 
contaminate the hydrogen. Before charging, the foil was heated to bright 
redness in vacuo. After charging, the tube containing the palladium 
hydride was exhausted by means of a Geissler pump to remove any 
nitrogen which might have been present. In the preliminary investiga- 
tion cited above, the latter precaution was neglected, which may account 
for the low resulU. 

Between the palladium tube and the combustion tube a U tube was 
interposed, containing phosphorus pentnxide. This was to determine 
the amount of moisture in the hydrogen. The combustion tube was 
filled with granular copper oxide, prepared by reducing the commercial 
oxide in hydrogen, heating the metal 90 obtained to bright redness in a 
vacuum, and then reoxidizing with pure oxygen. 

Ul>on warming the palladium tube, which was first carefully weighed, 
hydrogen was given off and allowed to pass into the combustion tube. 
When the greater part of it had been burned, the tube was cut off by 
means of a stopcock and allowed to cool. Meanwhile a stream of nitro- 
gen was passed through the combustion tube, sweeping hydrogen before 
it. This was followed by a current of oxygen, reoxidizing the reduced 
copper; and the copper oxide was finally cooled in a stream of dry air. 
The water produced by the combustion was collected in a weighed buib 
tube, followed by a weighed U tube containing phosphorus pentoxide. 




16 THE ATOMIC WEIGHTS. 

A second phosphorus peatoxide tube served to prevent the sucking back 
of moisture from the external air. The loss in weight of the palladium 
tube, corrected by the gain in weight of the first phosphorus pentoxide» 
gave the weight of hydrogen taken. The gain in weight of the two col- 
lecting tubes gave the weight of water formed. All weights in the follow- 
ing table of results are reduced to a vacuum : 



m, of H, 


m. Hfi, 


AL WL 0. 


.34145 


3.06338 


15.943 


.68394 


6.14000 


15.955 


.65529 


5.88200 


15.952 


.65295 


5.86206 


«5.954 


.66664 


5.98116 


15.944 


.66647 


598341 


15.955 


.57967 


5.20493 


15.958 


.66254 


5.94758 


15.952 


.87770 


7.86775 


15.950 


.77215 


6.93036 


15.951 



Mean, 15.9514* ±.0011. 

In sum, 6.55880 grammes of hydrogen gave 52.30383 of water, whence 
O = 15.9492. 

In March, 1889, Lord Rayleigh * published a few determinations of the 
atomic weight of oxygen obtained by still a new method. Pure hydrogen 
and pure oxygen were bofh weighed in glass globes. From these they 
passed into a mixing chamber, and thence into a eudiometer, where they 
were gradually exploded by a series of electric sparks. After explosion 
the residual gas remaining in the eudiometer was determined and meas- 
ured. The results, given without weighings or explicit details, are as 
follows : 

15.93 
15.98 

15.98 

15.93 
15.92 



Mean, 15.948, db.009 

Correcting this result for shrinkage of the globes and consequent change 
of tare, it becomes O = 15.89, dz .009. 

In the same month that Lord Rayleigh 's paper appeared, Noyes f pub- 
lished his first series of determinations. His plan was to pass hydrogen 
into an apparatus containing hot copper oxide, condensing the water 
formed in the same apparatus, and from the gain in weight of the latter 
getting the weight of the hydrogen absorbed. The apparatus devised for 



• Proc. Roy. Soc., 45, 425. 

t Amcr. Chem. Journ., 11, 155. 1889. 



this purpose consisted essentially of a glass hiilb of 30' to 50 cc. capaci^rt 
with a atopcock tube on one eitte and a sealed condensing tube on tlj^ 
other. In weighing, it was couiiterjioised by another apparatus of nearlyB 
the same volumo but somewhat less weight, in order to obviate reduo-;9 
tiotis to a vacuum. After filling the bulb with commercial copper oxide ■ 
('.Ki to 150 grammes), the apparatus was heated in an airbath, exhaustet.1 
li_v moans of a Sprengel pump, cooled, and weighed. It was nest re- 
[ihiced in the airbath, again heated, and connected with an apparatus 
delivering purified hydrogen. When a suitable amount of the latter had 
been admitted, the stopcock was closed, and the heating continued long 
enough to convert all gaseous hydrogen within it into water. The appa- 
r.itiia was then cooled and weighed, after which it was connected with a 
S|irengel pump, in order to extract the small quantity of nitrogen which 
wjis always present. The latter was pumped out into a eudiometer, 
where it was measured and examined. Tlie gain in weight of the appa- 
ratus, less the weight of this very slight impurity, gave the weij^ht of 
I hydrogen oxidized. 

The next step in the process consisted in heating the apparatus to expel 
later, and weighing again. After this, pnre oxygen was admitted and 
e heating was resumed, so as to oxidize the traces of hydrogen which 
i heen retained by the copper. Again the apparatus waa cooled and 
Evetgbed, and then reheated, when the water formed was received in a 
pWlb filled with phosphorus pentoxide, and the gaseous contents were 
collected in a audiometer. On cooling and weighing the apparatus, the 
loss of weight, less the weight of gases pumped out, gave the amount of 
wnter produced by the traces of residual hydrogen under consideration. 
This weight, added to the loss of weight when the original water was 
expelled, gives the weight of oxygen taken away from the copper oxide. 
Having thus the weight of hydrogen and the weight of oxygen, the 
atomic weight sought for follows. Six results are given, but as they are 
repeated, with corrections, in Noyes' second paper, they need not be 
ciinsidered now. 

Noyes' methods were almost immediately criticised by Johnson,* who 
suggested several sources of error. This chemist had already shown in 
an earlier paperf that copper reduced in hydrogen persistently retains 
traces of the latter, and also that when the reduction ia effected below 
700", water is retained too. The possible presence of sulphur in the 
copper oxide was furthermore mentioned. Errors from these sources 
would tend to make the apjjarent atomic weight of oxygen too low, 

In his second paper! Noyes replies to the foregoing criticisms, and 
shows that they carry no weight, at least so far a* his work is concerned . 
He also describes a number of experiments in which oxides other than 
copper oxide were tried, hut without distinct success, and he gives fullijr 
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details as to manipulations and materials. His final results are in 1 
series, as follows : 

First Series, — Hydrogen from Zinc and Hydrochloric Acid. 



m. of H. 


WL of 0, 


At. m. 0. 


.9443 


7.5000 


15.885 


.6744 


5.3555 


15.882 


' .7866 


6.2569 


15.909 


.5521 


4.3903 


15.904 


.4274 


3-3997 


15.909 


.8265 


6.5686 


15.895 



Mean, 15.8973, di .0032. 

This series appeared in the earlier paper, but with an error which 
here corrected. 

Secbnd Series. — Electrolytic Hydrogen, Dried by Phoaphonis Pentoxide. 
m. of H. Wt. of O. At. Wt. O. 



.5044 


4.0095 


15.898 


.6325 


5.0385 


15932 


.6349 


5.0517 


J5.9I3 


.5564 


4.4175 


15.879 


.7335 


5.8224 


15.876 


.6696 


5.3I8I 


15.885 



Mean, 15.8971, ±.0064. 

Third Series. — Electrolytic Hydrogen, Dried by Passage Through a Ti 

Packed tmth Sodium Wire. 



Wt. of H. 


Wt. of 0. 


At. Wt. 0. 


.9323 


7.4077 


15.891 


.9952 


7.9045 


15885 


.3268 


2.5977 


15.898 


.7907 


6.2798 


15.884 


.7762 


6.1671 


15.891 


1. 1221 


8.9131 


15.887 



Mean, 15.8893, ifc .0014 

At the end of this series it was found that the hydrogen contained 
trace of water, estimated to be equivalent to an excess of three mil 
grammes in the total hydrogen of the six experiments. Correcting 1 
this, the mean becomes = 15.899. 

Fourth Series. — Electrolytic Hydrogen^ Dried over Freshly Sublimed Ph 

phorus Pentoxide. 

Wt. of H. Wt, of O. ' At. Wt. O. 

1.0444 8.3017 15.898 

.7704 6.1233 15.896 

.8231 6.5421 15.896 

.8872 7.0490 15.890 

.9993 7.9403 15.892 

i.i9»o 9-4595 '5.885 

Mean, 15.8929, ± .0013 
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mean of all the twenty-four determinations, taken as one series, 
he correction to the third series included, is O = 15.8966, ±: .0017. 
Q, there were consumed 18.5983 grammes of hydrogen and 147.8145 
rgen ; whence = 15.8955. 

;niar and Henderson,* who effected the synthesis of water over 
r oxide hy what was essentially the old method, begin their memoir 
tn exhaustive criticism of the work done by Dumas and by Erd- 
and Marchand. They show, as I have already mentioned, that 
gen dried by .sulphuric acid becomes contaminated with sulphur 
le, and also that a gas passed over calcium chloride may still retain 
ch as one milligramme of water per litre. Fused caustic potash 
bund to dr}'^ a gas quite completely. 

their first series of syntheses, Dittmar and Henderson generated 
[i3^drogen from zinc and acid, sometimes hydrochloric and some- 
sulphuric, and dried it by passage, first through cotton wool, then 
^h vitrioled pumice, then over red-hot metallic copper to remove 
n. In later experiments it first traversed a column of fragments 
istic soda to remove antimony derived from the zinc. The oxide 
>per used was prepared by heating chemically pure copper clip- 
in a muffle, and was practically free from sulphur. In weighing 
veral portions of apparatus it was tared with somewhat lighter 
.r pieces of as nearly as possible the same displacement. The re- 
)f this series of experiments, which are vitiated by the presence, 
pected at first, of sulphur dioxide in the hydrogen, are stated in 
> of H when = 16, but in the following table have been recalcu- 
to the usual unit : 



m. of Water. 


Wt. of 0. 


AL m. 0. 


4.7980 


4.26195 


15.901 


7.55025 


6.71315 


16.039 


6.2372 


5-53935 


15.875 


11.29325 


10.03585 


15963 


11.6728 


io.37«5 


15.940 


n.8433 


10.5256 


15.976 


".73»7 


10.4243 


15.947 


19.2404 


17.0926 


15.916 


20.83435 


18.5234 


16.031 


17.40235 


15.4598 


>5.9i7 


19.2631 


17.11485 


15.934 



Mean, 15.949,^.0103. 

lucing to a vacuum, this becomes 15.843, while a correction for the 
ur dioxide estimated to be present in the hydrogen brings the value 



♦ Proc. Roy. Soc. Glasgow, 22, 33. Communicated Dec. 17, 1890. 
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op again to lo.8G5. Still another correction is suggested, namely, that 
as the reduced copper in the combustion tube, before weighing, was ex- 
posed to a long-cotitinued current of dry air, it may have taken up traces 
of oxygen chemically, thereby increasing its weight. As this correction, 
however, is quantitatively uncertain, it may be neglected here, and the 
result of this series will be taken as O = 15.865, d= .0103. Its weight, 
relatively to some other series of experiments, is evidently small. 

In their second and final series Dittmar and Henderson dried their 
hydrogen, after deoxidation by red-hot copper, over caustic potash and 
subsequently phosphorus pentoxide. The copper oxide and copper of 
the combustion tube were both weighed in vacuo. The results were as 
follows, vacuum weights being given : 



IT/. fyaUr. 


IT/, a 


AL Wt. 0. 


19.2057 


17.0530 


15-843 


19.5211 


17.3342 


[15S53] 


19.4672 


17.28S2 


15.868 


22.9272 


20.3540 


15.820 


23.00S0 


20.4421 


[15.934] 


23.495 » 


20.8639 


15.859 


23.5612 


20.9226 


[15.859] 


23.7542 


21.0957 


15.870 


23.6568 


21.8994 


15.884 


23.6179 


21.8593 


15.848 


24.6021 


21.S499 


15.878 


24.3047 


21.578S 


»5.S32 


23.6172 


20.9709 


15.849 



Mom, 15.861, ±z .0052. 

The authors reject the three bracketed determinations, because of 
irregularities in the course of the experiments. The mean of the ten 
remaining determinations is 15.855, ±: A^dAA. Both means, however, 
have to be corrected for the minute trace of hydrogen occluded by the 
reduceil copper. Tliis correction, experimentally measured, amounts to 
+ .006. Hence the mean of all the experiments in the series becomes 
15.867, ±1 .CK>52, and of the ten accepted exj>eriments, 15.861, db .0044. 
The authors themselves select out seven experiments, giving a corrected 
mean of 15.866, which they regaal as the best value. Taking all their 
evidence, their two series combine thus : 

First series 15.S65, —.0103 

Second scries 15.S67, —.0052 

General mean 15.S667, — .0046 

Leduc * who also eftectod the synthesis of water over copper oxide, 



♦ Compt. Rend.. 115, 41. 1892. 
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following Dumas' method with slight modifications, gives the remits of 
only two experiments, as follows : 

m. Water. IVL O. At. m. O. 

22.1632 19.6844 15.882 

19.7403 "7.5323 >5.88o 



Mean, 15.881 

These experiments we may arbitrarily assign equal weight with two 
in Dittmar and Henderson's later series, when the result becomes 
15.881, ih .0132, the value to be accepted. Ledtic states that his copper 
oxide, which was reduced at as low a temperature as possible, was pre- 
pared by heating clippings of electrolytic copper in a stream of oxygen. 

To E. W. Morley * we owe the first complete quantitative syntheses of 
water, in which both gases were weighed separately, and afterwards in 
combination. The hydrogen was weighed in palladium, as was done by 
Reiser, and the oxygen was weighed in compensated globes, after the 
manner of Regnault. The globes were contained in an artificial ** cave," 
to protect them from moisture and from changes of temperature; being 
so arranged that they could be weighed by the method of reversals with- 
out opening either the " cave " or the balance case. For each weighing 
of hydrogen about GOO grammes of palladium were employed. After 
weighing, the gases were burnt by means of electric sparks in a suitable 
apparatus, from wliich the unburned residue could be withdrawn for 
examination. Finally, the apparatus containing the water produced was 
closed by fusion and also weighed. Rubber joints were avoided in the 
construction of the apparatus, and the connections were continuous 
throughout. The weights are as follows : 



// taken 


taken. 


H^iO formed. 


3-2645 


25.9'76 


29.1788 


3-2559 


25.8531 


29.1052 


3-8193 


30.3210 


34.1389 


3.8450 


30.5294 


Lost 


3.8382 


30.4700 


34.3151 


3-8523 


30.5818 


34.4327 


3-8298 


30.4013 


34.2284 


3.8286 


30.3966 


34.2261 


3.8225 


30.3497 


34 1742 


3.8220 


30.3479 


34.1743 


3.7637 . 


29.8865 


33.6540 


3.8211 


30.3429 


34.1559 



♦"On the Density of Oxygen and Hydrogen, and on the Ratio of their Atomic Weights," by 
Edward W. Morley. Smithsonian Contributions to Knowledge, 1S95, 4to, xi + 117 pp., 40 cuts. 
Abstract in Am. Chem. Journ.. 17, 267 (gravimetric), and Ztschr. Phys. Chem., 17, 87 (gaseous densi- 
ties) : also note in Am. Chem. Journ., 17, 396. Preliminary notice in Proc. Amer. Association, 
1891, p. 185. 
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Heuce we 


have — 




H'.O Ratio 




15.878 




15.8S1 




15.878 




15.880 




15.877 




15.877 




15.877 




15.878 




15.879 




15.881 




15.881 




15.882 



H'.Hfi Ratio, 


17.877 


17.878 


17.873 


17.881 


17.876 * 


17.875 


17.879 


17.881 


17.883 


17.883 


17.878 



Mean, 15.8792, ± .00032 Mean, 17.8785, rb .00066 

Combined, these data give : 



From ratio H, : O O = 15.8792, ±: .00032 

" Hj : Hj,0 O =r- 15.8785, db .00066 



(( 



General mean O ^= 15.8790, zb .00028 

For details, Morley's full paper must be consulted. No abstract can 
do justice to the remarkable work therein recorded. 

Two other series of determinations, by Julius Thoaisen, remain to be 
noticed. In the earlier paper* he determined the ratio between HCl 
and NH3, and thence, using Stas' values for CI and N, fixed by reference 
to = 16, computed the ratio H : O. This method was so indirect as to 
be of little importance, and gave for the atomic weight of oxygen approxi- 
mately the round number 16. I shall use the data farther on in cal- 
culating the atomic weight of nitrogen. The paper has been sufficiently 
criticised by Meyer and Seubert,t who have discussed its sources of error. 

In Thomsen's later paper J a method of determination is described 
which is, like the preceding, quite novel, but more direct. First, alu- 
minum, in weighed quantities, was dissolved in caustic potash solution. 
In one set of experiments the apparatus was so constructed that the 
hydrogen evolved was dried and then expelled. The loss of weight of 
the apparatus gave the weight of the hydrogen so liberated. In the 
second set of experiments the hydrogen passed into a combustion 
chamber in which it was burned with oxygen, the water being retained. 
The increase in weight of this apparatus gave the weight of ox3''gen so 
taken up. The two series, reduced to the standard of a unit weight of 
aluminum, gave the ratio between oxygen and hydrogen. 

*Zeitsch. Physikal. Chem., 13, 398. 1894. 

t Ben, 27. 2770. 

JZeitsch. Anorg^. Chem., :i, 14. 1895. 
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le results of the two series, reduced to a vacuum and stated as ratios, 
IS follows : 

First, Second. 

Weight of H Weight of O 

Weight of Al* Weight of Al* 

0.11180 0.88788 

0.1 1 175 0.88799 

0.1 I 194 0.88774 

0.1 1 205 0.88779 

0.11189 0.88785 

0.1 I 200 0.88789 

0.1 1 194 c. 88798 

0.1 I 175 0.88787 

0.1 1 190 0.88773 

0.1 1 182 0.88798 

0.11204 0.88785 

0.1 1 202 

0.11204 0.88787,1+10.000018 

0.11179 

0.1 1 178 

0.1 1202 

0.1 1 188 

0.1 1 186 

0.1 1 185 

0.1 1 190 

0.1 1 187 

0.11190, ±0.000015 

Lviding the mean of the second column by the mean of the first, we 
J for the equivalent of oxygen : 

0.8S787, dr 0.000018 .,^^.^ _i_^^., 

—^ ^= 7.934S» ± o.ooi I 

o. 1 1 190, zfc 0.000015 

ence O = 15.8690, dz 0.0022. 

le detiiils of the investigation arc somewhat complicated, and involve 
3us corrections which need not be considered here. The result as 
k1 includes all corrections and is evidently good. The ratios, how- 
, cannot be reversed and used for measuring the atomic weight of 
linum, because the metal employed was not absolutely pure, 
e have now before us, representing syntheses of water, thirteen series, 
)llows : 

Dulong and Berzelius O = 15.894, rb .057 

Dumas 15.9607, in .0070 

Erdmann and Marchand '5.975» ± -O' 13 

Thomsen, 1870 '59', ±1.0113 

Cooke and Richards ' 15.869, dr .0020 

Keiser, 1887 15.864, ib .015 

'* 1888 15.9514. ±: .0011 
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Rayleigh * 15.89, ± .009 

Noyes 15.8966,^.0017 

Dittmar and Henderson 15.8667, dt .0046 

Leduc 15.881, ±.0132 

Morley 1 5.8790, zb .00028 

Thomsen, 1895 1 5.8690, ± .0022 

General mean O = 15.8837, ±: .00026 

Rejecting Keiser * 5- 8796, ±: .00027 

If we reject all except the determinations of Cooke and Richards, Ray- 
leigh, Noyes, Dittmar and Henderson, Leduc, Thomsen, and Morley, the 
general mean of these becomes 15.8794, dz .00027. From this it is evi- 
dent that Reiser's determinations alone, among the higher values for 0, 
carry any appreciable weight ; and it also seems clear that the rounded- 
off number, O = 15.88, db .0003, cannot be very far from the truth ; at 
least so far as the synthetic evidence goes. 



In discussing the relative densities of oxygen and hydrogen gases we 
need consider only the more modern determinations, beginning with 
those of Dumas and Boussingault. As the older work has some his- 
torical value, I may in passing just cite its results. For the density of 
hydrogen we have .0769, Lavoisier; .0693, Thomson ; .092, Cavendish; 
.0732, Biot and Arago; .0688, Dulong and Berzelius. For oxygen there 
are the following detenninations : 1.087, Fourcroy, Vauquelin, and Se- 
guin ; 1.103, Kirwan ; 1.128, Davy ; 1,088, Allen and Pepys ; 1.1036, Biot 
and Arago; 1.11 17, Thomson; 1.1056, DeSaussure; 1.1026, Dulong and 
Berzelius; 1.106, Buff; 1.1052, Wrede.* 

In 1841 Dumas and Boussingault f published their determinations of 
gaseous densities. For hydrogen they obtained values ranging from .0691 
to .0695 ; but beyond this mere statement they give no details. For 
oxygen three determinations were made, with the following results: 

I. 1055 
1. 1058 
M057 



Mean, 1. 10567, dr .00006 

If we take the two extreme values given above for hydrogen, and re- 
gard them as the entire series, they give us a mean of .0693, di .00013. 
This mean hydrogen value, combined with the mean for oxygen, gives 
for the latter, when H = 1, the density ratio 15.9538, di .031. 

Regnault's researches, published four years later, J were much more 

♦ For Wrede's work, see Berzelius' Jahresbericht for 1843. For Dulong and Berzelius, see the 
pa|>er already cited. All the other determinations are taken from Gmelin's Handbook, Caven- 
dish edition, v. i, p. 279. 

tCompt. Rend., 12, 1005. Compare also with Dumas, Compt. Rend., 14, 537. 

X Compt. Rend., 20, 975. 
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elaborately executed. Indeed, they have long stood among the classics 
of physical science, and it is only recently that they have been sup- 
planted by other measurements. 

For hydrogen three determinations of density gave the following 
results : 

.06923 
.06932 
.06924 



Mean, .069263, ± .000019 

For oxygen four determinations were made, but; i>^ the first one the 
gas was contaminated by traces of hydrogen, and the value obtained, 
1.10525, was, therefore, rejected by Regnault as too low. The other three 
are as follows : 

1.10561 
1.10564 
1. 10565 



Mean, 1. 105633, rh .000008 

Now, combining the hydrogen and oxygen series, we have the ratio 
H : O : : 1 : 15.9628, ±: .0044. According to Le Conte,* Regnault's reduc- 
tions contain slight numerical errors, which, corrected, give for the density 
of oxygen, 1.105612, and for hydrogen, .069269. Ratio, 1 : 15.9611. 

A much weightier correction to Regnault's data has already been in- 
dicated in the discussion of Cooke and Richards' work. He assumed 
that the globes in which the gases were weighed underwent no changes 
of volume, but Agamennone,t and after him, but independently,! Lord 
Rayleigh showed that an exhausted vessel was perceptibly compressed 
by atmospheric pressure. Hence its volume when em^ity was less than 
its volume when filled with gas. Crafts, having access to Regnault's 
original apparatus, has determined the magnitude of the correction indi- 
cated.§ Unfortunately, the globe actually used by Regnault had been 
destroyed, but another globe of the same lot was available. With this 
the amount of shrinkage during exhaustion w^as measured, and Reg- 
nault's densities were thereby changed to 1.10562 for oxygen, and 
.(K)949 for hydrogen. Corrected ratio, 1 : 15.9105. Doubtless Dumas 
and Boussingault's data are subject to a similar correction, and if we 
assume that it is proportionally the same in ahiount, the ratio derived 
from their experiments becomes 1 : 15.9015. 

In the same paper, that which contained the discovery of this correc- 
tion. Lord Rayleigh gi\«es a short series of measurements of his own. 



• Private communication. See also Phil. Mag. (4), 27, 29, 1S64. and Smithsonian Report, 1878, 
p. 4^8. 
t Atti Rendiconti Acad. I^incei, 1885. 
t Proc. Roy. Soc., 43, 356. Feb., i888. 
2 Compt. Rend., 106, 1662. 
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His hydrogen was prepared from zinc and sulphuric acid, and was puri- 
fied by passage over liquid potash, then through powdered mercuric 
chloride, and then through pulverized solid potash. It was dried by 
means of phosphorus pentoxide. His oxygen was derived partly from 
potassium chlorate, and partly from the mixed chlorates of sodium and 
potassium. Equal volumes of the two gases weighed as follows : 



H. 

.15811 
.15807 
.15798 
.15792 



O. 
2.5186, dt .00061* 



Mean, .15802, ± 000029. 

Corrected for shrinkage of the exhausted globe these become — H, 
0.15860 ; O, 2.5192. Hence the ratio 1 : 15.884, di .0048. 

In 1892 Rayleigh published a much more elaborate determination of 
this ratio.f The gases were prepared electrolytically from caustic potash, 
and dried by means of solid potash and phosphorus pentoxide. The 
hydrogen was previously passed over hot copper. The experiments, 
stated like the previous series, are in five groups ; two for oxygen and 
three for hydrogen ; but for present purposes the similar sets may be 
regarded as equal in weight, and so discussable together. The weights 
of equal volumes are as follows : 



First set 
Mean, .15808 



-I 



Second set 
Mean, .15797 



Third set 
Mean, .15804 



H. 

r .15807 
.15816 
.15S11 
.15803 
.15801 
.15809 
.15800 
.15820 

.15792 
.15788 

.15783 
.15807 

.15S01 

.15817 

.15790 
.15810 

.15798 

.15802 

.15807 



o. 

2.5182 

2.5173 
2.5172 

2.5193 
2.5174 

2.5177 
2.5183 
2.5168 
2 5172 
2.5181 
2.5156 



First set. 
Mean, 2.51785. 



Second set. 
Mean, 2.5172. 



Mean, 2.5176, rb .00019. 



Mean, .15804, ± .000019. 



♦ Arbitrarily assigned the probable error of a single experiment in Rayleigh's paper of 1892. 
t Proc. Roy. Soc.. 50, 448, Feb. 18, 1892. 
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These weights with various corrections relative to temperatures and 
]>ressures, and also for the compression of the exhausted globe, ulti- 
mately become for H, .158531 ; and for 0, 2.51777. Hence the ratio 
1 : 15.882, ±: .0028. For details relative to corrections the original 
memoir should be consulted. 

In his paper ** On a new method of determining gas densities/' * Cooke 

gives three measurements for hydrogen, referred to air as unity. They 

are : 

.06957 
.06951 
.06966 



Mean, .06958, ih .000029 

Combining this with Regnault's density for oxygen, as corrected by 
Crafts, 1.10562, ± .000008, we get the ratio H : O : : 1 : 15.890, ± .00(>7. 

I^educ, working by Regnault's method, somewhat modified, and cor- 
recting for shrinkage of exhausted globes, gives the following densities : t 

//, O. 

.06947 1.10501 

.06949 1. 10516 
.06947 



Mean, .06948, zh .00006745 

The two oxygen meiusurements are the extremes of three, the mean 
being 1.1050G, ± .0000337. Hence the ratio 1 : 15.005, db .0154. 

The first two hydrogen determinations were made with gas produced 
by the electrolysis of caustic potash, while the third sample was derived 
from zinc and sulphuric acid. The oxygen was electrolytic. Both gases 
were passed over red-hot platinum sponge, and dried by phosphorus 
pent oxide. 

Much more elaborate determinations of the two gaseous densities are 
those made by Morley. X For oxygen he gives three series of dahi; two 
with oxygen from potassium chlorate, and one with gas partly from tlie 
same source and partly electrolytic. In the first series, temperature and 
pressure were measured with a mercurial thermometer and a mano- 
barometer. In the second series they were not determined for each 
experiment, but were fixed by comparison with a standard volume of 
hydrogen by means of a differential manometer. In the third series the 
gas was kept at the temperature of melting ice, and the mano-barometer 

• Ptxx. Amer. Acad., 24. 202. 1889. ^^so Am. Chem. Journ., 11, 509. 

fCompt. Rend., 113, 186. 1891. 

X Paper already cited, under the g^vimetric portion of this chapter. 
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alone was read. Tlie results for the weight in grammes, at latitude 45°, 
of one litre of oxygen are as follows : 



First Series. Second Series, 




Third Series, 


1.42864 


1.42952 


• 


1.42920 


1.42849 


1.42900 




1.42860 


1.42838 


1.42863 




1.42906 


1.42900 


1.42853 




1.42957 


1.42907 


1.42858 




1. 42910 


1.42887 


1.42873 




1.42930 


1.4287 1 


1.429 1 3 




1.42945 


1.42872 


1.42905 




1.42932 


1.42883 


1,42896 
1.42880 




1.42908 

t M tfx t r\ 






1. 42910 


Mran, 1.42875, zb .000051 


1.42874 


- 


1.4295 I 


Corrected,* 1.42879, zb .000051 


1.42878 




>. 42933 




1.42872 




1.42905 




1.42859 




I.429I4 




1.42851 




1.42849 
1.42894 






Mean, 


1.42882, 4- 


.000048 


1.42886 


Corrected, 


1.42887, lb 


.000048 





Mean, 1.42912, ±.000048 
Conected, 1.429 17, ± .00004S 



General mean of all three series, 1.42896, ± .000028. 



Morley himself, for experimental reasons, prefers the last series, and 
gives it double weight, getting a mean density of 1.42900. The differ- 
ence between this mean and that given above is insignificant with ref- 
erence to the atomic weight problem. 

In the case of liydrogen, Morley's determinations fall into two groups, 
but in both the gas was prepared by the electrolysis of pure dilute sul- 
phuric acid, and was most elaborately purified. In the first group there 
are two series of measurements. Of these, the first involved the reading 
of temperature and pressure by means of a mercurial thermometer and 
mano-barometer. In the second series, the gas was delivered into the 
weighing globes after occlusion in palladium ; it was then kept at the 
temperature of melting ice, and only the syphon barometer was read. 
In this group the liydrogen was possibl}'' contaminated with mercurial 
vapor, and the results are discarded by Morley in his final summing up. 
For present purposes, however, it is unnecessary to reject them, for they 
have confirmatory^ value, and do not appreciably affect the final mean. 
The weight of one litre of hydrogen at 45° latitude, as found in these two 
sets of determinations, is as follows : 

• Correction applied by Morley to all his series, for a slight error, y^^^yiy, in the length of his 
standard metre bar. 
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First Series. 




Second Series 


.089904 


, 


.089977 


.089936 




.089894 


.089945 




.089987 


.089993 




.089948 1 


.089974 




.089951 


.089941 




.089960 


.089979 




.090018 


.089936 




.089909 


.089904 




.089953 


.089863 




.089974 


.089878 




.089922 


.089920 




.090093 


.089990 




.090007 


.089926 




.089899 


.089928 




.089974 
.089900 




Mean, .089934, ± 


.000007 


.089869 


Corrected, .089938, ± 


.000007 


.090144 
.089984 
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Mean, .089967, ± .000011 
Corrected, .089970, ± .000011' 

In the second group of experiments, the hydrogen was weighed in 
palladium before transfer to the calibrated globe ; and in weighing, the 
palladium tube was tared by a similar apparatus of nearly equal volume 
and weight. After transfer, which was effected without the intervention 
of stopcocks, the volume and pressure of the gas were taken at the 
temperature of melting ice. A preliminary set of measurements was 
made, followed by three regular series ; of these, the first and second 
were with the same apparatus, and are different only in point of time, 
a vacation falling between them. The last series was with a different 
apparatus. The data are as follows, with the means as usual : 



Preliminary. 


Third Series. 


Fourth Series. 


Fifth Series. 


.089946 




.089874 


.089972 




.089861 


.089915 




.089891 


.089877 




.089877 


.089881 




.089886 


.089867 




.089870 


.089901 




.089866 


.089916 




.089867 


.089945 




.089911 


.089770 




.089839 






.089856 


.089846 




.089874 




Mean, .089918, 




.089912 






.089864 




dr .0000271 




.089872 


Mean, .089875, 




.089883 


Corrected, .089921 






rb .0000187 
)rrected, .089880 




.089830 
.089877 


Mean, 


.089883, Cc 






-H 


.00GO049 






.089851 


Corr^M^A 


.089886 








X^\ 


'•"*"**'*'> 




Mean, 


.089863, 










■^- 


: .0000034 








Corrected, 


.089866 
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Now, rejecting nothing, we may combine all the series into a general 
mean, giving the weight of one litre of hydrogen as follows : 

First series 089938, dz .000007 

Second series 089970, ±: .00001 1 

Preliminary series, second method 089921, db .0000271 ^ 

Third series ' 089886, d= .0000049 

Fourth " : 089880, d= .0000187 

Fifth *' 089866, ± .0000034 

General mean 089897, rb .0000025 

Rejecting the first three 089872, db .0000028 

This last mean value for hydrogen will be used in succeeding chapters 
of tliis work for reducing volumes of the gas to weights. Combining 
the general mean of all with the value found for the weight of a litre of 
oxygen, 1.42896, d= .000028, we get for the ratio H : 0, 

O = 158955, ±.0005 

If we take only the second mean for H, excluding the first three series, 

we have — 

O = 15.9001, zh .0005 

This value is undoubtedly nearest the truth, and is preferable to all 
other determinations of this ratio. Its probable error, however, is given 
too low ; for some of the oxygen weighings involved reductions for teni- 
j)erature and pressure. These reductions involve, again, the coefficient of 
expansion of the gas, and its probable error should be included. Since, 
however, that factor has been disregarded elsewhere, it would be an over- 
refinement of calculation to include it here. 

In a memoir of this kind it is impossible to do full justice to so elab- 
orate an investigation as that of Morley. The details are so numerous, 
the corrections so thorough, the methods for overcoming difficulties so 
ingenious, that many pages would be needed in order to present any- 
thing like a satisfactory abstract. Hardly more than the actual results 
can be cited here; for all else the original memoir must be consulted. 

Still more recently, by a novel method, J. Thomsen has measured the 
two densities in question.* In his gravimetric research, already cited, 
he ascertained the weights of hydrogen and of oxygen equivalent to a 
unit weight of aluminum. In his later paper he describes a method of 
measuring the corresponding volumes of both gases during the same 
reactions. Then, having already the weights of the gases, the volume- 
weight ratio, or density, is in each case easily computable. From 1.0171 
to 2.3932 grammes of aluminum were used in each ex])eriment. Omit- 
ting details, the volume of hydrogen in litres, equivalent to one gramme 
of the metal, is as follows : 

•Zeitschr. Anorg. Chem., 12, 4. 1896. 
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1.24297 
1.24303 
1.24286 
I. 2427 I 
1.24283 
1.24260 
1. 24314 
1.24294 

Mean, 1.24289, dr .00004 

The weight of hydrogen evolved from one gramme of aluminum was 
found in Thomsen's gravimetric research to be 0.11 l^K), ± .00(X)15. 
Hence the weight of one litre at 0°, 760 mm., and 10.6 meters above sea 
level at Copenhagen is : 

.090032, ± .000012; 

or at sea level in latitude 45^, 

.089947, =fc .000012 gramme. 

The data for oxygen are given in somewhat different form, namely, 

for the volume of one gramme of the gas at 0°, 760, and at Copenhagen. 

The values are, in litres : 

.69902 
.69923 
.69912 
.69917 
.69903 
.69900 
.69901 
.69921 
.69901 
.69922 

Mean, .69910, d= .00002 
At sea level in latitude 45°, .69976, ±: .00002 

Hence one litre weighs 1.42906, ± .00004 grammes. 

Dividing this by the weight found for hydrogen, 0.089947, ± .000012 
-we have for the ratio H : 0, 

15.8878, =b .0022. 

The density ratios, H : 0, now combine as follows : 

Dumas and Boussingault, corrected 15.9015, zh .031 

Regnault, corrected 15.9105, ± .0044 

Rayleigh, 1888 15.884, =+= .0048 

" 1892 15.882, :ir.0023 

Cooke 15-89^, =t 0^67 

Lcduc 15-905. ± o»54 

Morley, including all the data 15-8955. ± -0005 

lliomsen 15.8878, rr .0022 

General mean 1 5.8948, =b .00048 
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If we reject all of Morley s data for the density of hydrogen except 1M 
third, fourth, and fifth aeries, the mean becomes 
= 15.8991, ± .00048. 
In eitherea.se Morley's data vastly outweigh all others. 

If oxygen and hydrogen were perfect gases, uniting by volume to form 
water exactly in tlie ratio of one to two, then the density of the first in 
terms of the second woukl also express its atomic weight. But in fitct, 
the two gases vary from Boyie'a law in opposite directions, and thetme 
composition of water by volume diverges from the theoretical mUo to 1 
measurable extent. Hence, in order to deduce the atomic weight of 
oxygen from its density, a small correction must be applied to the latten 
dependent upon the amount of thia divergence. Until recently, Qur 
knowledge of the volumetric coinpoaition of water rested entirely upon 
the determinations made by Huniooldt and Gay-Lussac* early in this 
century, which gave a ratio between H and of a little leag than 2 : 1. 
but their data need no farther consideration here. 

In 1887 Scottf published his first series of experiraent8,2l in number, 
fimling as the most probable result a value for the ratio of 1.9SJ4 : 1. In 
March, 1888,t he gave four more determinations, ranging from 1.9962 to 
1.998 : 1 ; and later in the same year § another four, with values from 
1.995 to 2,001. In 1893, |] however, by the use of improved apparatufl, 
he waa able to show that his previous work was vitiated by errors, and U> 
give a series of measurements of far greater value. Of these, twelve wers 
especially good, being made with hydrogen from palladium hydride, 
and with oxygen from silver oxide. In mean the value fouud ia 
2.00245, ± .00007, with a range from 2.0017 to 2.0030. 

In 1891 an elaborate paper by Morley^ appeared, in which twenty 
concordant determinations of the volumetric ratio gave a mean value of 
2.00023, ± .00001-5. These measurements were made in eudiometer 
tubea, ftTid were afterwaifls practically discarded by the author. In his 
later and larger paper,** however, he redetermined the ratio from the 
density of the mixed electrolytic gasea, and found it to be, after applying 
all corrections, 2.00274. The probable error, roughly estimated, ia .OOOCS. 
Morley also reducea Scott's determinationa, which were made at the t«n- 
peralure of the laboratory, to 0°, when the value becomes 2.00286. The 
mean value of both series may therefore be put at 2.0028, ± .00004, wiUi 
sufficient accuracy for present purposes. Leduc's ft single determinaticm. 
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based upon the density of the mixed gases obtained by the electrolysis 
of water, gave 2.0037 ; but Morley shows that some corrections were 
neglected. This determination, therefore, may be left out of account. 
Now, including all data, we have a mean value for the density ratio : 

(A.) H : O: : I : 15.8948, d= .00048; 

or, omitting Morley's rejected series, 

(B.) H :0: : I ; 15.8991, ± .00048. 

Correcting these by the volume ratio, 2.0028, ± .00004, the final result 
for the atomic weight of oxygen as determined by gaseous densities 
becomes : 

From A O = 15.8726, ± .00058 

From B O = 15.8769, ± .00058 

Combining these with the result obtained from the syntheses of water, 
rejecting nothing, we have — 

By synthesis of water ' O = 15.8837, dr .00026 

By gaseous densities O = 15.8726, ± .00058 

General mean O = 15.8821, ± .00024 

If we reject Reiser's work under the first heading, and omit Morley's 
defective hydrogen series under the second, we get — 

By synthesis of water O = 15.8796, ± .00027 

By gaseous densities O = 15.8769, zb .00058 

General mean 0^= 15.8794, zb .00025 

Morley, discussing his own data, gets a final value of = 15.8790, zt 
.00026, a result sensibly identical with the second of the means given 
above. These results cannot be far from the truth ; and accordingly, 
rounding off the last decimals, the value 

= 15.879, zb. 0003, 
will be used in computation throughout this work. 

Note. — A useful "short bibliography," upon the composition of water, 
by T. C. Warrington, may be found in the Chemical News, vol. 73, pp. 
137, 145, 156, 170, and 184. 
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SILVER, POTASSIUM, SODIUM, CHLORINE, BROMINE, AXD 

IODINE. 

The atomic weights of these six elements depend upon each other to 
so great an extent that they can hardly be considered independently. 
Indeed, chlorine, potassium, and silver have always been mutually de- 
termined. From the ratio betwjeen silver and chlorine, the ratio between 
silver and potassium chloride, and the composition of potassium chlo- 
rate, these three atomic weights were first accurately fixed. Similar 
ratios, more recently worked out by Stas and others, have rendered it 
desirable to include bromine, iodine, and sodium in the same general 
discussion. 

Several methods of determination will be left altogether out of account 
For example, in 1842 Marignac* sought to fix the atomic weight of 
chlorine by estimating the quantity of water formed when hydrochloric 
acid gas is passed over heated oxide of copper. His results were wholly 
inaccurate, and need no further mention here. A little later Laurentf 
redetermined the same constant from the analysis of a chlorinated de- 
rivative of naphthalene. This method did not admit of extreme accu- 
racy, and it presupposed a knowledge of the atomic weight of carbon ; 
hence it may be properly disregarded. Maumene'sJ analyses of the 
oxalate and acetate of silver gave good results for the atomic weight of 
that metal ; but they also depend for their value upon our knowledge of 
carbon, and will, therefore, be discussed farther on with reference to that 
element. Hardin's § work also, relating to the nitrate, acetate, and 
benzoate of silver, will be found in the chapters upon nitrogen and 
carbon. 

Let us now consider the ratios upon which we must rely for ascertain- 
ing the atomic weights of the six elements in question. After we have 
properly arranged our data we may then discuss their meaning. First 
in order we may conveniently take up the percentage of potassium* chlo- 
ride obtainable from the chlorate. 

The first reliable series of experiments to determine this percentage 
was made by Berzelius. || All the earlier estimations were vitiated by 
the fact that when potassium chlorate is ignited under ordinary circum- 
stances a little solid material is mechanically carried away with the 
oxygen gas. Minute portions of th^ substance may even be actually 
volatilized. These sources of loss were avoided bv Berzelius, who de- 
vised means for collecting and weighing this trace of potassium chloride. 

♦Compt. Rend., 14, 570, Also, Journ. f. Prakt. Chera., 26, 304. 
tCompt. Rend., 14, 456. Journ. f. Prakt. Chem., 26, 307. 
t Ann. d. Chim et d. Phys. (3), 18, 41. 1846. 
2 Journ. Araer. Chem. Soc. 18, 990. 1896. 
I Poggend. Annalen, 8. i. 1826. 
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All the successors of Berzelius in this work have benefited by his exam- 
ple, although for the methods by which loss has been prevented we must 
refer to the original papers of the several investigators. In short, then, 
Berzelius ignited potassium chlorate, and determined the percentage of 
chloride which remained. Four experiments gave the following results : 

60.854 
60.850 
60.850 
60.851 

Mean, 60.851, dr .0006 

The next series was made by Penny,* in England, who worked after 
a somewhat different method. He treated potassium chlorate with 
strong hydrochloric acid in a weighed flask, evaporated to dryness over 
a sand bath, and then found the weight of the chloride thus obtained. 
Hia results are as follows, in six trials : 

60.825 
60 822 
60.815 
60.820 
60.823 
60.830 

Mean, 60.8225, =b .0014 

In 1842 Pelouzef made three estimations by the ignition of the chlo- 
rate, with these results : 

60.843 
60.857 
60.830 

Mean, 60.843, ± .0053 

Marigr.ac, in 1842,J worked with several different recr3'8tallizations of 
the commercial chlorate. He ignited the salt, with the usual precau- 
tions for collecting the material carried off mechanically, and also exam- 
ined the gas which was evolved. He found that the oxygen from 50 
grammes of chlorate contained chlorine enough to form .003 gramme of 
silver chloride. Here are the percentages found by Marignac : 

In chlorate once crystallized 60.845 

In chlorate once crystallized 60.835 

In chlorate twice crystallized 60.833 

In chlorate twice crystallized 60.844 

In chlorate three times crystallized 60.839 

In chlorate four times crystallized 60.839 



Mean, 60.8392, dz .0013 



• Phil. Transactions, 1839, p. 20. 

t Compt. Rend., 15, 959. 

X Ann. d. Chem. u. Pharm., 44, 18. 
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In the same paper Marignac describes a similar series of experiments 
made upon potassium perchlorate, KCIO^. In three experiments it was 
found that the salt was not quite free from chlorate, and in three more 
it contained traces of iron. A single determination upon very pure 
material gave 46.187 per cent, of oxygen and 53.813 of residue. 

In 1845 two series of experiments were published by Gerhardt * The 
first, made in the usual way, gave these results : 

60.871 
60.881 
60.875 



Mean, 60.8757, d: .0020 

In the second series the oxygen was passed through a weighed tube 
containing moist cotton, and another filled with pumice stone and sul- 
phuric acid. Particles were thus collected which in the earlier series 
escai)ed. From these experiments we get — 

60.947 
60.947 
60.952 



Mean, 60.9487, dr .0011 

These last results were afterwards sharply criticised by Marignact 
and their value seriously questioned. 

The next series, in order of time, is due to Maumen6.J This chemist 

supposed that particles of chlorate, mechanically carried away, might 

continue to exist as chlorate, undecomposed ; and hence that all previous 

series of experiments might give too high a value to the residual chloride. 

In his determinations, therefore, the ignition tube, after expulsion of the 

oxygen, was uniformly heated in all its parts. Here are his percentages 

of residue : 

60.788 
60.790 
60.793 
60.791 
60.785 

60.795 
60.795 

Mean, 60.791, dr .0009 

The question which most naturally arises in connection with these re- 
sults is, whether portions of chloride may not have been volatilized, and 
so lost. 

• Compt. Rend., 21, 1280. 

i Supp. Bibl. Univ. de Gen6ve, Vol. I. 

X Ann. d. Chim. et d. Thya. (3), 18, 71. 1846. 
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Closely following Maumene's paper, there is a short note by Faget,* 
giving certain mean results. According to this chemist, when potassium 
chlorate is ignited slowly, we get 60.847 per cent, of residue. When the 
ignition is rapid, we get 60.942. As. no detailed experiments are given, 
these figures can have no part in our discussion. 

Last of all we have two series determined by Stas.f In the first series 
are the results obtained by igniting the chlorate. In the second series 
the chlorate was reduced by strong hydrochloric acid, after the method 
followed by Penny : 

First Series. 

60.8380 
60.8395 
60.8440 
60.8473 
60.8450 

Mean, 60.84276, ± .0012 

Second Series. 

60.8^0 
60.853 
60.844 



Mean, 60.849, ± .0017 

In these experiments every conceivable precaution was taken to avoid 
error and insure accuracy. All weighings were reduced to a vacuum 
standard ; from 70 to 142 grammes of chlorate were used in each experi- 
ment ; and the chlorine carried away with the oxygen in the first series 
was absorbed by finely divided silver and estimated. It is difl&cult to 
see how any error could have occurred. 

Now, to combine these different scries of experiments. 

Berzelius, mean result 60.85 1, =t .0006 

Penny, '* 60.8225, d= .0014 

Pelouze, " 60.843, i '0053 

Marignac, *' 60.8392, dt .0013 

Gerhardt, 1st " 60.8757, d= .0020 

** 2d ** 60 9487, rb .0011 

Maumen^, " 60. 79 1 , ifc .0009 

Stas, 1st *' 60.8428, =b .0012 

" 2d *• 60.849, rb .0017 

General mean from all nine series, 
representing forty experiments 60.846, db .0003S 

This value is exactly that which Stas deduced from both of his own 
series combined, and gives great emphasis to his wonderfully accurate 

•Ann. d. Chim. et d. Phys. (3), 18, 80. 1846. 
t See Aronstein'K translation, p. 249. 
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work. It also finely illustrates the compensation of errors which occurs 
in combining the figures of different expenraenters. 
Similar analyses of silver chlorate have been made by Marign^c and 

by Stas. Marignac's data are as follows : * The third column gives the 
percentage of in AgClO, 



'3 

24.510 grm. AgClOj gave 18.3616 AgCI. 25 103 

25.809 

30.306 

28.358 •' 21.2453 " 25.082 

21.1833 " 25.113 

42.8366 " 25.072 



28.287 
57.170 



193345 " 25.086 

22.7072 •• 25.074 



Mean, 25.088, ±: .0044 



Stas t found the following percentages in two experiments only : 

25 081 
25.078 



Mean, 25.0795, rh .0010 * 

Combined with Marignac's mean this gives a general mean of 25,080, 
dtz .0010 ; that is, Marignac's series practically vanishes. 

For the direct ratio between silver and chlorine there are seven avail- 
able series of experiments. Here, as in many other ratios, the first reliable 
work was done by Berzelius. J 

He made three estimations, using each time twenty grammes of pure 
silver. This was dissolved in nitric acid. In the first experiment the 
silver chloride was precipitated and collected on a filter. In the second 
and third experiments the solution was mixed with h3'drochloric acid 
in a flask, evaporated to dryness, and the residue then fused and weighed 
without transfer. One hundred parts of silver formed of chloride : 

132.700 
132.780 

132.790 



Mean, 132.757, ±.019 

Turner's work § closely resembles that of Berzelius. Silver was dis- 
solve'd in nitric acid and precipitated as chloride. In experiments one, 
two, and three the mixture was evaporated and the residue fused. In 
experiment four the chloride was collected on a filter. A fifth experi- 
ment was made, but has been rejected as worthless. 

The results were as follows : In a third column I put the quantity of 
AgCl proportional to 100 parts of Ag. 

• Bibl. Univ. de Gen6ve, 46, 356. 1843. 
fAronstein's translation, p. 214. 
X Thomson's Annals of Philosophy, 1820, v. 15, 89. 
gPhil. Transactions, 1829, 291. 
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28.407 grains Ag gave 37-737 AgCI. 132844 

41.917 •• 55678 " 132.829 

40.006 " 53- '43 *' 132.837 

30.922 " 41.070 '* 132.818 



Mean, 132.832, ± .0038 

B same general method of dissolving silver in nitric acid, precipi- 

r, evaporating,' and fusing without transfer of material was also 

ted by Penny. * His results for 100 parts of silver are as follows, in 

of chloride : 

132.836 

132.840 

132.830 

132.840 

132.840 

132.830 

132.838 



Mean, 132.8363, ± .0012 

1842 Marignact found that 100 parts of silver formed 132.74 of 
ide, but gave no available details. Later, J in another series of de- 
inations, he is more explicit, and gives the following data. Tlie 
tiings were reduced to a vacuum standard : 



79.853 grm. Ag 


gave 


106.080 AgCl. 


Ratio, 


132.844 


69.905 " 




92.864 " 




132.843 


64.905 




86.210 '* 




132.825 


92.362 " 




122.693 '* 




132.839 


99653 




132.383 *' 




132.844 



Mean, 132.839, dr .0024 

le above series all represent the synthesis of silver chloride. Mau- 

i § made analyses of the compound, reducing it to metal in a current 

.'drogen. His experiments make 100 parts of silver equivalent to 

ride: 

132.734 

>32.754 
132.724 

132.729 
132.741 



Mean, 132.7364, ± .0077 

/ Dumas || we have the following estimations : 

9-954 Ag gave 13.227 AgCI. Ratio, 132.882 
19.976 *• 26.542 " 132.869 



Mean, 132.8755, ± .0044 



•Phil. Transactions, 1839, 28. 

lAnn. Chem. Pharm., 44, 21. 

J See Berzelius' JL,ehrbuch, 5th Ed., Vol. 3, pp. 1x92, 1193. 

t Ann. d. Chim. et d. Phys. (3), 18, 49. 1846. 

I Ann. Chem. Pharm., 113, 21. 1S60. 
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Finally, there are seven determinations by Stas,* made with liis usual 
accuracy and with every precaution against error. In the first, second, 
and third, silver was heated in chlorine gas, and the synthesis of silver 
chloride thus effected directly. In the fourth and fifth silver was dis- 
solved in nitric acid, and the chloride thrown down by passing hydro- 
chloric acid gas over the surface of the solution. The whole was then 
evaporated in the same vessel, and the chloride fused, first in an atmos- 
j)here of hydrochloric acid, and then in a stream of air. The sixth syn- 
thesis was similar to these, only the nitric solution was precipitated l)y 
hydrochloric acid in slight excess, and the chloride thrown down wa8 
washed by repeated decantation. All the decanted liquids were after- 
wards evaporated to dryness, and the trace of chloride thus recovered 
was estimated in addition to the main mass. The latter was fused in an 
atmosphere of HCl. The seventh experiment was like the sixth, only 
ammonium chloride was used instead of hvdrochloric acid. From 98.3 
to 399.7 grammes of silver were used in each experiment, the operations 
were perfonned chiefly in the dark, and all weighings were reduced to 
vacuum. In every case the chloride obtained was beautifully white. 
The following are the results in chloride for 100 of silver: 

132.841 

132.843 
132.843 

132.849 

132.846 

132.848 

122.8417 



Mean, 132.8445, zh .0008 

We may now combine the means of these seven series, representing in 
all thirty-three experiments. One hundred parts of silver are equivalent 
to chlorine, as follows : 

Berzelius 32-757, =b .0190 

Turner 32.832, ±: .0038 

Penny 32.8363, rt .0012 

Marignac 32.839, dz .0024 

Maumen^ 32.7364, '=h .0077 

Dumas 32. 8755, ± .0044 

Stas 32.8445, it .0008 

General mean 32.84 1 8, nh .0006 

Here, again, we have a fine example of the evident compensation o^ 
errors among diff'erent series of experiments. We have also anothe^ 
tribute to the accuracy of Stas, since this general mean varies from th^ 

mean of his rasults only within the limits of his own variations. 

_^ " 

*AronRteiil*R translation, p. 171. 
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le ratio between silver and potassium chloride, or, in other words, 
Feight of silver in nitric acid solution which can be precipitated by 
3wn weight of KCl, has been fixed by Marignac and by Stas. Ma- 
te,* reducing all weighings to vacuum, obtained these results. In 
bird column I give the weight of KCl proportional to 100 parts 



I' 


4.7238 


gnn. 


Ag: 


= 3.2626 KCl. 


69.067 




22.725 






15.001 




69.950 




21.759 






15.028 




69.066 




21.909 






15.131 




69.063 




22.032 






15.216 




69.063 




25.122 






» 7.350 




69.063 



Mean, 69.062, ±:OOi7 

le work of Stas falls into several series, widely separated in point of 
His earlier experiments t upon this ratio may be divided into 
sets, as follows: In the first set the silver was slightly impure, but 
m purity was of known quantity, and corrections could therefore be 
ied. In the second series pure silver was employed. The potassium 
ride was from several different sources, and in every case was puri- 
with the utmost care. From 10.8 to 32.4 grammes of silver were 
a in each exi>eriment, and the weighings were reduced to vacuum, 
method of operation was, in brief, as follows : A definite weight of 
ssium chloride was taken, and the exact quantity of silver necessary, 
rding to Front's hypothesis, to balance it was also weighed out. The 
il, with suitable precautions, was dissolved in nitric acid, and the 
lion mixed with that of the chlojide. After double decomposition 
trifling excess of silver remaining in the liquid was determined by 
tion with a normal solution of potassium chloride. One hundred 
s of silver required the following of KCl : 

J^irsl Series. 

69.105 
69.104 
69.103 
69.104 
69.102 

Mean, 69.1036, ± .0003 

Second Series. 

69.105 
69.099 
69.107 
69.103 
69.103 
69.105 
69.104 



♦See Berzelius* I^chrbuch. 5th Ed.. Vol. 3, pp. 119^-3. 
t Aronstein's translation, pp. 250-257. 
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69.099 

69.1034 

69. 104 

69.103 

69. 102 

69.104 

69.104 

69.105 

69.103 

69.101 

69.105 

69.103 



Mean, 69. 1033, db .0003 

In these determinations Stas did not take into account the slight solu- 
bility of precipitated silver chloride in the menstrua employed in the 
experiments. Accordingly, in 1882* he published a new series, in which 
by two methods he remeasured the ratio, guarding against the indicated 
error, and finding the following values ; 

69.1198 
69.11965 
69.121 
69.123 

Mean, 69. 1209, db .0003 

Corrected for a minute trace of silica contained in the potassium 
chloride, this mean becomes 

69.1191)3, zb .0003. t 

Still later, in order to establish the absolute constancy of the ratio in 

question, Stas made yet another series of determinations,! in which he 

employed potassium chloride prepared from four different sources. 

One lot of silver was used throughout. The values obtained were as 

follows : 

69.1227 

69.1236 

69.1234 

69.1244 

69. > 235 

69.1228 

69.1222 

69.1211 

69.1219 

69.1249 

69.1238 

69.1225 

69.1211 



* M^^moires Acad. Roy. de Beige, t. 43. 1882. 
tSee Van der Plaato. Ann. Chlm. Phys. (6), 7, 15. 
X Oeuvres Posthumea, edited by W. Spring. 
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•ies was also begun in which one sample of potassium chloride 
be balanced against silver from various sources, but only one 
s given, namely, 69.1240. This, with the previous series, gives a 
►f 69. 1280, ±.0002. 

series of determinations are now at hand for the ratio Ag : KCl. 
onibine as follows : 

Marignac 69.062, rb .001 7 

Stas, 1st series 69. 1036, ib .0003 

2d *' 69. 1033, db .0003 

3d *' 69. II 90, dz .0003 

4th *' 69. 1 230, zb .0002 






General mean 69. 1 143, ifc .00013 

iiffcrence between the highest and the lowest of Stas' aeries cor- 
Is to a difference of 0.021 in the atomic weight of potassium. The 
n of the earlier work might be quite justifiable, but would exert 
slight influence upon our final result. 

luantity of silver chloride which can be formed from a known 
of potassium chloride has also been determined by Berzelius, 
%c and Maumen^. Berzelius* found that 100 parts of KCl were 
ent to 194.2 of AgCl ; a value which, corrected for weighings in 
omes 192.32. This experiment will not be included in our dis- 

• 

42 Marignac t published two determinations, with these results 
KCl : 

192.33 
192.34 



n, corrected for weighing in air, 192.26, ± .003 

46 Marignac J published another set of results, as follows. The 
igs were reduced to vacuum. The usual ratio is in the third 

'7.034 grm. KCl gave 32.761 AgCl. 192.327 



14.427 


(< 


27.749 


(( 


192.341 


15.028 


(i 


28.910 


(< 


19^.374 


15.13' 


(( 


29.102 


(( 


» 92.334 


15.216 


l( 


29.271 


(( 


192.370 



Mean, 192.349, i .006 

J estimations of the same ratio were also made by Maumene§ as 



• Poggend. Annal., 8, i. 1826. 

t Ann. Chem. Pharm., 44, 21, 1842. 

t Berzelius* Lehrbuch, 5th Ed., Vol. 3, pp. 1192, 1193. 

g Aan. d. Chim. et d. Phys. (3), 18, 41. 1846. 
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10.700 grm. KCI gave 20.627 AgCl. 192.776 

10.5195 •' 20.273 *' 192.716 

8.587 ** 16.556 " 192.803 

Mean, 192.765, zt .017 

The three series of ten experiments in all foot up thus : 

Marignac, 1842 192.260, ± .003 

*• 1846 . 192.349, rb .006 

Maumen^ 192 765, ±: .017 

General mean 192.294, ± .0029 

These figures show clearly that the ratio which they represent is ixij 
of very high importance. It might be rejected altogether without ira-i 
propriety, and is only retained for the sake of completeness. It wiB 
obviously receive but little weight in our final discussion. 



In estimating the atomic weight of bromine the earlier experimentsrf 
Balard, Berzelius, Liebig, and Lowig may all be rejected. Their results 
were all far too low, probably because chlorine was present as a^i im- 
purity in the materials employed. Wallace's determinations, based upon 
the analysis of arsenic tiibromide, are tolerably good, but need not be 
considered here. In the present state of our knowledge, Wallace's 
analyses are better fitted for fixing the atomic weight of arsenic, and 
will, therefore, be discussed with reference to that element. 

The ratios with which we now have to deal are closely similar to those 
involving chlorine. In the first place, there are the analyses of silver 
bromate by Stas.'^ In two careful experiments he found in this salt the 
following percentages of oxygen: 

20.351 
20.347 



Mean, 20.349, rb .0014 



There are also four analyses of potassium bromate by Marignacf Th* 
salt was heated, and the percentage loss of oxygen determined. Tho 
residual bromide was feebly alkaline. We cannot place much reliance 
upon this series. The results are as follows : 

28 7016 
28.6496 
28.6050 
28.7460 



Mean, 2S.6755, db .0207 



♦Aronstein's translation, pp. 200-206. 

tSee E. Mulder's Overzigt, p. 117 ; or Berzelius* Jahresbericht, 24, 72. 
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When silver bromide is heated in chlorine gas, silver chloride is formed. 
In 1860 Dumas* employed this method for estimating the atomic weight 
of bromine. His results are as follows. In the third column I give the 
weight of AgBr equivalent to 100 parts of AgCl : 

2.028 grm. AgBr gave 1.547 AgCl. 131.092 

4.237 *' 3.235 " 130-974 

5.769 " 4.403 ** I3i.024 

Mean, 131.030, ±.023 

This series is evicjently of but little value. 

The two ratios upon which, in connection with Stas' analyses of 
silver bromate, the atomic weight of bromine chiefly depends, are those 
which connect silver with the latter element directly and silver with 
potassium bromide. 

Marignac,t to eflTect the synthesis of silver bromide, dissolved the 
metal in nitric acid, precipitated the solution with potassium bromide, 
washed, dried, fused, and weighed the product. The following quanti- 
ties of bromine were found proportional to 100 parts of silver : 

74.072 

74.055 
74.066 



Mean, reduced to a vacuum standard, 74.077, db .003 

Much more elaborate determinations of this ratio are due to Stas.J 
In one experiment a known weight of silver was CQuverted into nitrate, 
and precipitated in the same vessel by pure hydrobromic acid. The 
resulting bromide was washed thoroughly, dried, and weighed. In four 
other estimations the silver was converted into sulphate. Then a known 
quantity of pure bromine, as nearly as possible the exact amount necea- 
Baryto precipitate the silver, was transformed into hydrobromic acid. 
This was added to the dilute solution of the sulphate, and, after precip- 
itation was complete, the minute trace of an excess of silver in the dear 
supernatant fluid was determined. All weighings were reduced to a 
Tacuum. From these experiments, taking both series as one, we get 
the following quantities of bromine corresponding to 100 parts of silver: 

74.0830 



74.0790 

74.0795 
74.0805 

74.0830 



Mean, 74.081, ±: .0006 



*Ann. Chetn. Phann., 113, ao. 

t E. Mulder's Ovcriigt, p. 116. Berzelius' Jahresbcricht, 24, 72. 



} Aronatcin's translation, pp. 154-170. 
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In his paper on the atomic weight of cadmium,* Huntington 
three syntheses and three anal3^ses of silver bromide. The data t 
follows, with the usual ratio given in the last column: 

1.4852 grm. Ag gave 2.5855 AgBr. 74.084 

1.4080 *' 2.4510 ** 74.077 

1.4449 " 2.5150 " 74.060 

4.1450 grm. AgBr gave 2.3817 Ag. 74- 035 

1. 8172 '* 10437 ** 74"' 

4.9601 •' 2.8497 ** 74.057 

Mean, 74.071, ± .0072 

Similar synthetic data are also given by Richards, incidentally t( 
work on coppef.f There are two sets of three experiments each, v 
can here be treated as one series, thus : 

1. 1 1235 grm. Ag gave 1.93630 AgBr. 74.073 



1.57620 




2.74335 




74.044 


2.16670 




. 3.77170 




74.076 


.9664 




1.68205 




74.053 


.9645 




1.6789 




74.069 


.9639 




1.6779 




74074 




Mean, 74.065, 



: .0035 

Another set of data by Richards appears in his research upon 
atomic weight of barium; J in which BaBr, was balanced against sil 
and the AgBr was also weighed. Richards gives from these data 
percentage of Ag in 'AgBr, which figures are easily restated in the u 
form as follows: 

Percentage, Ratio. 

57.460 74.034 

57-455 74.049 

57.447 74073 
57.445 74074 

57.448 74.070 

57.442 74.089 
57.451 74061 
57.455 74.049 

57.443 74.086 
57.445 74.074 
57.445 74.074 



Mean, 74.067, it .0034 

The same ratio can also be computed indirectly from Cooke's ex] 
incntH ui)on SbBrg, Huntington's on CdBrji Thor})es on TiBr^, 

* Proc. Amcr. Acad., 1881. 

fProc. Amer. Acad., 25. pp. 199. 210, 211. 1890. 

\ Proc. Amer. Acad., vol. 28. 1S93. 
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e and Laurie's on gold. The values so obtained all confirm the 
$ already given, varying within their limits, but having probable 
so high that their use would not affect the final mean. The latter 
iined as follows : 

Marignac r 74.077, rb .0030 

Stas 74.081, ih .0006 

Huntington 74.o7'» ± .0072 

Richards, ist series 74-0^5, zh .0035 

" 2d ** 74.067, db .0034 



General mean 74.080, ib .00057 

I 

this case again, as in so many others, Stas' work alone appears at 
id, the remaining data having only corroborative value. 
e ratio between silver and potassium bromide was first accurately 
mined by Marignac* I give, with his weighings, the quantity of 
proportional to 100 parts of Ag : 

2.131 grm. Ag= 2.351 KHr. 110.324 

110.316 
110.339 
110.283 
110.314 
1 10.321 
110.293 



2.559 


2.823 


2.447 


'* 2.700 


3.025 


3336 


3946 


4.353 


11.569 


'* 12.763 


20.120 


'* 22.191 



it 
t< 
<( 
<( 
i( 



Mean, corrected for weighing in air, 110.343, ±: .005 

as,t working in essentially the same manner as when he fixed the 

) between potassium chloride and silver, obtained the following 

Its : 

1 10.361 

110.360 

110.360 

110.342 

110.346 

110.338 

1 10.360 

110.336 

110.344 

110.332 

' 110.343 

110.357 
" 0.334 

no.335 



Mean, 110.3463, d= .0020 

mbining this with Marignac's mean result, 110.348, ±: .005, we get 
leral mean of 110.3459, ± .0019. 

*Berzclius' Jahresbcricht, 24, 72. 

t Aronsteiu's translation, pp. 334-347- 
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The ratios upon which we must depend for the atomic weight of 
iodine are exactly parallel to those used for the determination of bromine. 

To begin with, the percentage of oxygen in potassium iodate has been 
determined by Millon * In three experiments he found : 

22.46 
22.49 
22.47 



Mean, 22.473, ± .005 

Millon also estimated the oxygen in silver iodate, getting the follow" 

ing percentages : 

17.05 

17.03 
17.06 

Mean, 17.047, db .005 

The analysis of silver iodate has also been performed with extremo 
care by Stas.f From 76 to 157 grammes were used in each experiment, 
the weights being reduced to a vacuum standard. As the salt could not 
be prepared in an absolutely anhydrous condition, the water expelled it% 
each analysis was accurately estimated and the necessary corrections ap- 
plied. In two of the experiments the iodate was decomposed by heat, 
and the oxygen given oflf was fixed upon a weighed quantity of copper 
heated to redness. Thus the actual weights, both of the oxygen and the 
residual iodide, were obtained. In a third experiment the iodate was 
reduced to iodide by a solution of sulphurous acid, and the oxygen was 
estimated only by difference. In the three percentages of oxygen given 
below, the result of this analysis comes last. The figures for oxygen are 
as follows : 

16.976 

16.972 

16.9761 

Mean, 16.9747, d= .0009 

This, combined with Millon's series above cited, gives us a general 
mean of 16.9771, ±.0009. 

The ratio between silver and potassium iodide seems to have been de- 
UTiiiiiied only by Marignac.J and without remarkable accuracy. In five 
expcTlments 100 parts of silver were found equivalent to potassium iodide 
a.M follows: 



•Ann. Chim. Phys. (3), 9, 400. 1843. 
tAronstcin'9 translation, pp. 170-200. 
I Bcrzelius' Lchrbuch, 5th ed., 3, 1196. 
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1.616 grm. Ag = 


: 2.483 KI. 


Ratio, 153.651 


2.503 ** 


3.846 *' 


'* 153.665 


3.427 


5.268 " 


" 153.720 


2.141 


3.290 '* 


•' 153.667 


10.821 


16.642 " 


" 153.794 



Mean, 153.6994, ± .0178 

The synthesis of silver iodide has been effected by both Marignac and 
Slas. Marignac, in the paper above cited, gives these weighings. In the 
last column I add the ratio between iodine and 100 parts of silver: 

15.000 grm. Ag gave 31.625 Agl. 117.500 

14.790 " 32.170 *' 117.512 

18.545 " 40.339 " ii7.5>9 



Mean, corrected for weighing in air, 117.5335, db .0036 

Stas* in his experiments worked after two methods, which gave, how- 
ever, results concordant with each other and with those of Marignac. 

In the first series of experiments Stas converted a kno>vn weight of 
silver into nitrate, and then precipitated with pure hydriodic acid. The 
iodide thus thrown down was washed, dried, and weighed without trans- 
fer. By this method 100 parts of silver were found to require of iodine : 

117.529 
117.536 



Mean, ii7.5325i ± •0024 

In the second series a complete synthesis of silver iodide from known 
weights of iodine and metal was performed. The iodine was dissolved 
in a solution of ammonium sulphite, and thus converted into ammonium 
iodide. The silver was transformed into sulphate and the two solutions 
were mixed. When the precipitate of silver iodide was completely de- 
posited the supernatant liquid was titrated for the trifling excess of iodine 
which it always contained. As the two elements were weighed out in the 
ratio of 127 to 108, while the atomic weight of iodine is probably a little 
nnder 127, this excess is easily explained. From these experiments two 
sets of values were deduced; one from the weights of silver and iodine 
actually employed, the other from the quantity of iodide of silver col- 
lected. From the first set we have of iodine for 100 parts of silver : 

117.5390 
117.5380 

ii7.53«8 

117-5430 
117.5420 

117.5300 



Mean, 1 17.5373, ± 0015 



* Aroiistein's trauslation, pp. 136, 152. 
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From the weight of silver iodide actually collected we get as folio 

For experiment number three in the above column there is no equival 

here: 

117.529 
117.531 
117.539 
i'7538 
117.530 

Mean, 1 17.5334, rh .0014 

Now, combining these several sets of results, we have the followii 
general mean : 

Marignac 1 17.5335, ± .0036 

Stas, 1st series. 1 17.5325, ±: .0024 

*' 2d " 117.5373, ±.0015 

** 3d " 117.5334, =b .0014 

General mean 1*7.5345, ± .0009 

• 

One other comparatively unimportant iodine ratio remains for us 
notice. Silver iodide, heated in a stream of chlorine, becomes convert 
into chloride ; and the ratio between these two salts has been thus det 
mined by Berzelius and by Dumas. 

From Berzelius* we have the following data. In the third columi 
give the ratio between Agl and 100 parts of AgCl : 

5.000 grm. Agl gave 3.062 AgCl. 163 292 

12.212 *' 7-4755 ** 163.360 

Mean, 163.326, zb .023 

Dumas' t results were as follows: 

3.520 grm. Agl gave 2.149 AgCl. 163. 793 

7. on " 4.281 ** 163.770 

Mean, 163.782, ifc .008 

General mean from the combination of both series, 163.733, ± .Of 

For sodium there are but four ratios of any value for present purpo 

The early work of Berzelius we may disregard entirely, and con 

ourselves to the consideration of the results obtained bv Pennv, Pelo 

Dumas, and Stas, together with a single ratio measured incidentally 

Ramsay and Aston. 

The percentage of oxygen in sodium chlorate has been deternii 
only by PennyJ, who used the same method which he applied to 
potassium salt. Four experiments gave the following results : 

♦ Ann. Chim. PhyR. (2), 40, 430. 1829. 
t Ann. Chem. Pharm., 113. 28. i860, 
t Phil. Transactions, 1839, p. 25. 
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45.060 

45.075 
45.080 
45.067 



Mean, 450705, dz .0029. 

ratio between silver and sodium chloride has been fixed by Pe- 
Dumas, and Stas. Pelouze * dissolved a weighed quantity of silver 
ic acid, and then titrated with sodium chloride. Equivalent to 
irts of silver he found of chloride : 

54.158 
54.125 
54.139 

Mean, 54.141, ± .0063 

Dumas t we have seven experiments, with results as follows. The 
column gives the ratio between 100 of silver and NaCl : 

2.0535 ffrm. NaCl= 3.788 grm. Ag. 54.2II 



2.169 




4.0095 




54.097 


4.3554 




8.0425 




54.155 


6.509 




12.0140 




54.178 


6.413 




11.8375 




54.175 


2.1746 




4.012 




54. 202 


5.II3 




9.434 




54.187 



Mean, 54.172, di .0096 

■•+ iippb^^^g ^^^ method used in establishing the similar ratio for 
3ium chloride, and working with salt from six different sources, 
of sodium chloride equivalent to 100 parts of silver: 

54.2093 
54.2088 
54.2070 
54.2070 
54.2070 
54.2060 
54.2076 
54.2081 
54.2083 
54.2089 



Mean, 54.2078, ±: .0002 

in the case of the corresponding ratio for potassium chloride, these 
leeded to be checked by others which took into account the solu- 

•Corapt. Rend., 20, 1047. 1845. 

t Anu. Chcm. Pharm.. 113. 31. 1860. 

I Aronstein's translation, p. 274. 
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bility of silver chloride. Such data are given in Stas' paper of 1882,* 

and four results are as follows : 

54.2065 
54.20676 
54.2091 
54.2054 

Mean, 54.20694, ih .00045 

Corrected for a trace of silica in the sodium chloride, this mean becomes 
54.2046, ± .00045.t Combining all four series, we have for the SaCl 
equivalent to 100 parts of Ag — 

Pelouze 54, 141^ ± .0063 

Dumas 54- '72, rh .0096 

Stas, early series 54.2078, rb .0002 

Stas, late ** ..... 54.2046, rb .00045 

General mean 54.2071, ± .00018 

Here the work of Stas is of such superior excellence that the other de- 
terminations might be completely rejected without appreciably afifecting 
our final results. 

In their research upon the atomic weight of boron, Ramsay and Aston J 
converted borax into sodium chloride. In the latter the chlorine was 
afterwards estimated gravimetrically by weighing as silver chloride on »i 
Gooch filter. Hence the ratio, AgCl : NaCl : : iOO : x, as follows : 

3.0761 grm. NaCl gave 7.5259 AgCI. Ratio, 40.874 

2.7700 •* 6.7794 •• ♦« 40.859 

2.8930 •* 7.0804 •* ** 40.859 

2.7360 " 6.6960 ♦' " 40.860 

1.9187 ** 46931 ** " 40.863 

Mean, 40.867, d: .00j3 

Finally, for the ratios between silver and sodium bromide we have one 1 
set of measurements by Stas.§ The bromide was prepared by saturating! 
NajCO, with HBr. The NaBr proportional to 100 parts of silver wafr^' 

95.4420 

95.4383 
95.4426 

95.4392 

Mean, 95.4405, rb .0007 

We have now before us the data for computing, with greater or lesB^ 
accuracy, the atomic weights of the six elements under discussion. In 

• M^moires Acad. Roy. de BelRC, 43. 1882. 

t See Van der Plaats, Ann. Chira. Phys. (6), 7, 16. 1886. 

JChem.New8.fi* — -«^. 

g M^moires A J., 43. 1882. 
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all there are nineteen ratios, involving about two hundred and fifty 
separate experiments. These ratios may now be tabulated and num- 
bered for reference, it being understood that the probable error in each 
case is that of the last term in the proportion. 



(M 


1 Percentage of in KCIOj 39.iS4f 


± 


.00038 


(*.' 


1 '* 


KBrO, 28.6755. 


Hb 


.0267 


(3.; 


1 '* 


KIO, 22.473, 


d= 


.0050 


(4. 


\ '* 


NaClO, 45.0705, 


±_ 


.0029 


(s-: 


. f < 


AgClO, 25.080. 


dt 


.0010 


(6. 


1 i< 


AgBrO, 20.349, 


± 


.0014 


(7.' 


t '* 

f « 


Agio, 16.9771, 


-+- 


.0009 


(8.) 


1 Ag : NaCl : 


: 100 : 54,2071, 4- .00018 






(9., 


1 Ag : NaBr : 


: 100 : 95-4405, ± .0007 






Co.; 


1 Ag : KCl : : 


100 : 69.1143, d= .00013 






("■: 


1 Ag : KBr : ; 


100 : 110.3459, ±.0019 






(12. 


) Ag : Kl : : 1 


[OO: 153.6994, ±.0178 






(>3.; 


1 Ag : CI : : lOO : 32.8418, -+- .ocx>6 






(u.; 


1 Ag : Br : : 100 : 74.080, ± .00057 






(IS.. 


1 Ag : I : : 100 : 117.5345. ± -0009 






^(.6. 


) AgCl : NaCl 


: : 100 : 40.867, 4- .0033 






(17. 


1 KCI : AgCl 


: : 100 : 192.294, d= .0029 






(i8.: 


1 AgCl : AgBi 


•: : 100 : 131. 030, ±.023 






(19.) 


1 AgCl : Agl : 


: 100 : 163.733, zb .0076 







Now, from ratios 1 to 7, inclusive, we can at once, by applying the 
known atomic weight of oxygen, deduce the molecular weights of seven 
haloid salts. Let us consider the first calculation somewhat in detail. 

Potassium chlorate yields 39.154 per cent, of oxygen and 60.846 per 
cent, of residual chloride. For each of these quantities the probable 
emir is ± .00038. The atomic weight of oxygen is 15.879, ± .0003, so 
that the value for three atoms becomes 47.637, dz .0009. We have now 
the following simple proportion : 

39.154 : 60.846 : : 47-637 - ^, 

whence the molecular weight of potassium chloride becomes = 74.029. 
The probable error being known for the first, second, and third term 
of this proportion, we can easily find that of the fourth term by the 
formula given in our introduction. It is dz .0073. By this method we 
obtain the following series of values, which may conveniently be num- 
bered consecutively with the foregoing ratios : 



(20) KCl, 

(21) KBr, 

(22) KT, 

(23) NaCl, 

(24) AgCl, 

(25) AgBr. 

(26) Agl, 



from (1) 

(2) 

(3) 
(4) 
(5^ 
(6) 
(7) 



i< 



f< 



<C 



(( 



It 



ti 



74.029, 
118.487, 
164-337, 

58-057. 
142.303, 
186.463, 

232.959, 



.0073 
.0923 
.0382 
.0050 
.0066 

.0137 
-0134 
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With the help of these molecular weights, we are now able to com- 
pute seven independent values for the atomic weight of silver. 



Flnir 

Second, 

Third, 

Foiirlh, 
Fifth, 

Seventh, 



from (lo) and (lo) , . 



(8) ■ 
('3) ' 
(U) ' 



. ■' =107.378. zb. 0837 

. " = 106.921. ± .0178 

. " = 107.102, ^.0091 

. " =107.122,^.0050 

. " =107.113, ±.0079 

. " != 107.091, ± .oo6» 

. Ae= 107.108, ± .0031 



* 



It ia noticeable that five of these values agree very well. The second 
and third, however, diverge widely from the average, but in opposite 
directions ; they have, moreover, high probable errors, and consequently 
little weight. Of theae two, one represents little and the other none of 
Stas' work. Their triftiiig influence upon our final resultu becoma 
carioualy apparent in the series of silver values given a little further 
along. 

When we consider closely, in all of its bearings, any one of the valu« 
just given, we shall see that for certain purposes it must be escludetl 
from our general mean. For example, the first is derived partly horn 
the ratio between silver and potassium chloride. From this ratio, tb6 
atomic weight of one substance being known, we can deduce that of the 
other. We have already used it in ascertaining the atomic weight of 
silver, and the value thus obtained ia included in our general mean. 
But if from it we are to determine the molecular weight of potaasiuni 
chloride, we must use a silver value derived from other sources only, or 
we should be assuming a part of our result in advance. In other words, 
we must now use a general mean for silver from which this ratio witt 
reference to silver has been rejected. Hence the following series of silver 
values, which are lettered for reference : 

A. General mean from all eight 107. 108, 4; 

B. " excluding the fiiat 107.108, ± 

C. ■' " second 107.107, ± 

D. ■' " Ihitd 107.110, ± 

E. ■' " fourth 107. top, ± .0033 

F. " ■' fifth 107.099, ±.0039 

G. " " siilh 107,106, ±.0034 

H. " " seventh 107.113, 

Wo are now in a position to determine more closely the nioleculai 
weights of the lialoid salts which we have already been considering. 

For silver chloride, still em[>loying the formula for the probable e 
of the la.'jt term of a proportion, we gi't the following values 
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From (5) . AgCl = 142.303, ±: .0066 

From (13) and (F) ** =142.276,^.0052 

From (16) " (23) '• = 142.063, zb .0168 

From (17) •• (20) '* = 142.353, ± -O'S^ 

From (18) ** (25) " = 142.306, d= .0271 

From (19) " (26) ** =142.278,1+1.0105 

General mean AgCl = 142.277, dtz .0036 

The third of these values is certainly too low, and although it reduces 
the atomic weight of chlorine by only 0.01, it ought to be rejected. The 
general mean of the other five values is AgCl = 142.287, ± .0037. Sub- 
tracting from this the atomic weight of silver, 107.108, ± .0031, we have 
for the atomic weight of chlorine — 

01 = 35.179, ±.0048. 
For silver bromide three ratios are available : 

From (6) AgBr ^ 186.463, db .0137 

From (14) and (G) " =186.450,^.0050 

From (18) *' (24) •* =186.459,^.0339 

General mean AgBr = 186.452, ±: .0054 

Hence, applying the atomic weight of silver as befon 

Br = 79.344, ±.0062. 

For silver iodide we hav 



From (7) Agl = 232.959, ± .0134 

From (15) and (H) " =233.008,^.0079 

From (19) '* (24) ** =232.997,^.0153 

General mean Agl = 232.996, zb .0062 

Hence, 

1 = 125.888, db .0069. 

Fbrthe molecular weight of sodium chloride three values appear, as 
follows : 

From (4) NaCl = 58.057, ± .0050 

From (8)and (E) '* = 58.061, zb .0018 

From (16)** AgCl " =58.148,^.0049 

General mean NaCl = 58.069, rb .0016 

Rejecting the third value, which corresponds to the rejected value for 
AgCl and throws out ratio (16) entirely, the mean becomes 

NaCI = 58.060, zb .0017 
From (9) and (A) NaBr = 102.224, zb .0031 
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Deducting from these molecular weights the values already found f 
CI and Br, two measurements of the atomic weight of sodium are obtaine 
thus: 

From NaCl ,, Na =r 22.881, dt .005 1 

From NaBr ** = 22.880, rb .0112 

General mean Na = 22.881, db 0046 

The rejection of ratio (16) in connection with the atomic weights 
sodium and chlorine is fully justified by the fact that the data which 
representH were never intended for use in such computations. They w( 
obtained incidentally in connection with work upon boron, and thi 
consideration here may have some bearing later upon the discussion 
the last-named element. 

For potassium, the ratios available give molecular weights for t 
chloride, bromide, and iodide. For the chloride, 

From ( i) KCl = 74.029, d= .0073 

From (10) and (B) " = 74.027, rt .C022 

From (17) ** (24) ** = 74.003, zb .0049 

General mean KCl = 74.025, rb .0019 

For the bromide we hav 



From (2) KBr = 1 18.487, db .0923 

From (II) and (C) " = 1 18. 188, d= .0073 

General mean KBr= 118.200, zb .0073 

And for the iodide — 

From (3) KI = 164.337, ± .0382 

From (12) and (D) *' = 164.627, dr .0052 

General mean KI = 164.622, rb .0051 

Combining these values with those found for chlorine, bromine, a 
iodine, we have three values for the atomic weight of potassium, as : 
lows : 

From KCl K = 38.846, zb .0078 

From KBr " = 38.856, dt .0096 

From KI ♦' =38.734, db .0086 

General mean K .— 38.817, db .0051 

To sum up, the six atomic weights under discus.sion may be tabula 
as follows, both for the standard chosen, and with = 16 as the bas( 
the system : 
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H^l, (9=i6. 

Kg ,107.108/ zfc .0031 107.924 

K 38.817, zb. 005 1 39"2 

Na 22.881, dz .0046 23.048 

CI 35.179, ±.0048 35.447 

Br 79.344, ±: .0062 79-949 

I 125.888, i: .0069 126.847 

It must be remembered that these values represent the summing up 
of work done by many investigators. Stas' ratios, taken by themselves, 
give various results, according to the method of combining them. This 
computation has been made by Stas himself, with his older determina- 
tions, and more recently by Ostwald * Van*der Plaats,t and Thomsen, J 
all with the standard of == 16. By Van der Plaats two sets of results 
are given : one with Stas' ratios assigned equal weight (A), and the other 
with each ratio given weight inversely proportional to the square of its 
mean error (B). The results of these several computations may well be 
tabulated in comparison with the values obtained in my own general 
discussion, thus : 

Clarke. Stas, Ostwald. V. der P., A. V.derP.^B. Thomsen, 

Ag 107.924 107.930 107.9376 107.9202 107.9244 107.9299 

K. 39."2 39.137 39.1361 39.1414 39.1403 39.1507 

Na 23.048 23,043 23.0575 23.0453 23.0443 23.0543 

C' 35.447 35-457 35.4529 35.4516 35-4565 35.4494 

Bf 79-949 79952 79.9628 79.9407 79.9548 79.95«o 

1 126.847 126.850 126.8640 126.8445 126.8494 126.8556 

The agreement between the new values and the others is highly satis- 
factory, and gives a strong emphasis to the magnificent accuracy of Stas' 
determinations. No severer test could be applied to them. 

•Lchrbuch der allgemeiuen Chcmie, i, 41. 1885. 

tCompt. Rend., ii6, 1362. 1893. 

X Zeitsch. Physikal. Chem., 13, 726. 1894. 
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NITROGEN. 

The atomic weight of nitrogen has been determined from the density 
of the gas, and from a considerable variety of purely chemical ratios. 

Upon the density of nitrogen a great many experiments have been 
made. In early times this constant was determined by Biot and Arago, 
Thomson, Dulong and Berzelius, Lavoisier, and others. But all of these 
investigations may be disregarded as of insufficient accuracy ; and, as 
in the case of oxygen, we need consider only the results obtained by 
Dumas and Boussingault, by Regnault, and by recent investigators. 

Taking air as unity, Dumas and Boussingault * foand the density of 
nitrogen to be — 

.970 
.972 
.974 



Mean, .972, ± .00078 

For hydrogen, as was seen in our discussion of the atomic weight of 
oxygen, the same investigators found a mean of .0693, ±: .00013. Upon 
combining this with the above nitrogen mean, we find for the atomic 
weight of the latter element, N = 14.026, ± .0295. 

By Regnault t much closer work was done. He found the density of 
nitrogen to be as follows : 

.97148 

.97<48 

.97154 

.97155 
.97108 

.97108 



Mean, .97137, =b .000062 

For hydrogen, Regnault's mean value is .069263, dz .000019. Hence, 
combining as before, N = 14.0244 ± .0039. 

Both of the preceding values are affected by a correction for the dif- 
ference in volume between the weighing globes when full and when 
empty. This correction, in the case of Regnault's data, has been meas- 
ured by Crafts,! who gives .06949 for the density of H, and .97138 for N. 
Corrected ratio, N = 13.9787. If we assume the same proportional cor- 
rection for the determination by Dumas and Boussingault, that beconDies 
N = 13.9771. 



•Compt. Rend., 12. 1005. 1841. 
t Corapt. Rend., ao, 975. 1845. 
X Compt. Rend., 106, 1664. 
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Von Jolly * working with electrolytic oxygen and with nitrogen pre- 
pared by passing air over hot copper, but not with hydrogen, compared 
the weights of equal volumes of the two gases, with results jls follows : 



Oxygen. 




Nitrogen. 


1.442470 




1.269609 


1.442579 




1.269389 


1.442489 




1.269307 


1.442570 




1.269449 


1.442571 




1. 269515 


1.442562 




1.269443 


1.442478 




1.269478 


1.442545, ± .000013 


Mean 


, 1.269455, 



Mean, 

The ratio, when = 16, is N = 14.0802, ±: .0003. Corrected by Ray- 
leigh, the ratio between the weights becomes 14.0805. If = 15.879, 
± .0003, the final value for N, deducible from Von Jolly's data, is N = 
13.974, ± .0004. 

The next determination in order of time is Leduc's.t He made nine 
measurements of the density of nitrogen, giving a mean of .97203, with 
extremes of .9719 and .9721 ; but he neglects to cite the intermediate 
values. Taking the three figures given as representative, and assuming 
a fair distribution of the other values between the indicated limits, the 
probable error of the mean is not far from 0.00002. For hydrogen he 
found .06948, it .00006745. The ratio between the two densities gives 
N = 13.9901, dz .0138. 

Lord Rayleigh,! preparing nitrogen by passing air over hot copper, 
and weighing in a standard globe, obtained the following weights : 

2.31035 
2.31026 

2.31024 

2.31012 

2.31027 



Mean, 2.31025, ± 000025 

With corrections for temperature, shrinkage of the globe when ex- 
hausted, etc., this becomes 2.30883, as against 2.37512 for the same volume 
of air. Hence the density of N = .97209, ± .00001. His former work 
on hydrogen gives .06960, dz .0000084, for the density of that gas. The 
ratio is N = 13.9678, di .0017. 

The foregoing data, however, all apply to nitrogen derived from the 
atmosphere. In a later memoir Eayleigh§ found that nitrogen from 

• Poggend. Annalen (2), 6, 529-530. 1879. 
fCompt. Rend., 113, 186. 1891. 
X Proc. Roy. Soc., 53, 134. 1894. 
gChem. News, 69, 231. 1894. 
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cheriiioftl sources, such as oxides of nitrogen, ammoniuin nitrate, etc.. 
was perceptibly lighter ; and not long afterwards the discrepancy wm 
explahied by the astoniahing discovery of argon. 'ITie densities giren, 
therefore, are all too high, and unnvaihible for any discussion of atomic 
weight. As, however, the reductions had been completed in nearly ail 
their details before the existence of ai^on was announced, they mav be 
allowed to remain here as part of the record. Summing up, the ratios 
found between hydrogen and atmospheric " nitrogen " are as follows; 

Dumas and Uaussingault, corrected ) 3.977 

Regnault, " 13.979' 

Von Jolly, " 13.974 

I«duc, " '3-990 

Rsyleigh, " 13.968 

Perhaps at some future time, when the density of argon is accurately 
known and its amount in the atmosphere has been precisely determined, 
these figures may be so corrected as to be useful for atomic weight calcu- 
lations. 

In discussing the more purely chemical ratios for establishing the 
atomic weight of nitrogen, we may ignore, for the present, the researcliM 
of Berzelius and of Anderson, These chemists experimented chiefly 
upon lead nitrate, and their work is consequently now of greater vain* 
for fixing the atomic weight of lead. Their results will be duly coiiaid- 
ered in the proper connection further on. 

The ratio between ammonium chloride and silver has been determined 
by Pelouze, by Marignac, and by Stas. The method of working is eaen- 
tially that adopted in the similar experiments with the chlorides of 
sodium and potassium. 

For the ammonium chloride equivalent to 100 parts of silver, Pelouie* 
found : 

49-556 
49,5 '7 
9-5365. : 
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neither of these series can for a moment compare with that of 

He used from 12.5 to 80 grammes of silver in each experiment, 

d his weighings to a vacuum standard, and adopted a great variety 

jautions to insure accuracy. He found for every 100 parts of silver 

lowing quantities of NH^Cl : 

49.600 

49.599 
49-597 
49.598 
49.597 
49.593 
49.597 

49.5974 
49.602 

49.597 

49598 

49.592 



Mean, 495973, ± .0005 

this work, as with the similar ratios for potassium and sodium 
de, the solubility of silver chloride was not guarded against so fully 
needful. Accordingly Stas published a new series of determina- 
in 1882,t carefully checked in this particular, with the subjoined 
3 for the ratio : 

49.60001 

49.59999 

49-599 
49.600 

49.597 



Mean, 49.5992, ± .00039 

mbining all four series, we have — 

Pelouze 49.5365, ± .o>3 

Marignac 49-523, db .0055 

Stas, early series 49.5973, ± .0005 

Stas, later " 49-5992, di .00039 

General mean 49-5983, ± .00031 

the paper last cited Stas also gives a similar series of determinations 
he ratio Ag : NH^Br : : 100 : x. The results are as follows, with re- 
ion to vacuum : 

* Aronstein's translation, pp. 56-58. 

t M6moircs Acad. Roy. de Beige., 43. 1882. 
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90.831 
90.831 
90.8297 
90.823" 

90.8317 
90.8311 

90.832 
Mean, 90.8299, =b .0008 

The quantity of silver nitrate which can be formed from a known 
weight of metallic silver has been determined by Penny, by Marignac, 
and by Stas. Penny * dissolved silver in nitric acid in a flask, evapo- 
rated to dryness without transfer, and weighed. One hundred parts of 
silver thus gave of nitrate : 

"57.430 
"57437 

157.458 
157.440 

"57.430 

"57-455 



57.844 


t< 


91.047 


t ( 


66.436 


<t 


104.592 


(t 


70.340 


t< 


II0.7I8 


t< 


200.000 


(( 


314.894 


it 



Mean, 1 57.44 "7, ± 0033 

Marignac'st results were as follows. In the third column they are 
reduced to the common standard of 100 parts of silver : 

68.987 grna. Ag gave 108.608 grm. AgNO,. "57.433 

57.401 

57.433 
57.404 
57.447 

Mean, 157.4236, dr 0061 

4 

Stas,J employing from 77 to 405 grammes of silver in each experiment, 
made two different series of determinations at two different times. The 
silver was dissolved with all the usual precautions against loss and 
against impurity, and the resulting nitrate was weighed, first after long 
drying without fusion, just below its melting point ; and again, fused. 
Between the fused and the un fused salt there was in every case a slight 
difference in weight, the latter giving a maximum and the former a 
minimum value. 

In Stas' first series there are eight experiments; but the seventh he 
himself rejects as inexact. The values obtained for the nitrate from 100 

• Phil. Trans., 1839. 

t Berzelius* Lchrbuch, 5th cd., 3. pp. 1184, 1185. 

I Aronstein's translation, pp. 305 and 315. 
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of silver are given below in two columns, representing the two con- 
ns in which the salt was weighed. The general mean given at the 
I have deduced from the means of the two columns considered 
•atelv : 



Unfused. 

"57 492 
157.510 
157.485 
157.476 
157.478 

<57.47i 
157.488 



Fused. 

157.474 
157.481 

157.477 
'57-471 
157-470 
157.463 
157.469 



Mean, 157.4857 Mean, 157.472 

General mean, 157.474, d~ .0014 

the later series there are but two experiments, as follows 



Unfused. 
157.4964 
157.4940 



Fused. 

157.488 
157.480 



Mean, 157.4952 Mean, 157.484 

General mean, 157.486, i .0003 

le reverse ratio, namely, the amount of silver obtainable from a 
:hed quantity of nitrate, has been determined electrolytically by 
din.* The data obtained, however, are reducible to the same form 
n the j)receding series, and all are properly combinable together. 
e silver was dissolved in pure aqueous nitric acid, and the crystal- 
salt thus fonned was dried, fused, and used for the determinations. 
1 silver nitrate, mixed with an excess of pure potassium cyanide solu- 
, was electrolyzed in a })latinum dish. The results obtained, reduced 
acuum weights, were as follows : 



.31202 \ 


gNO, 


gave .19812 . 


Ag. 


Ka 


no, 157.490 


.47832 




.30370 






* 157.498 


.56742 




.36030 






* 157.485 


.57728 




.36655 






' 157.490 


.69409 




.44075 






' 157.479 


.86367 




.54843 






' 157.479 


.86811 




.55130 






' 157466 


.93716 




.595o5i 






' 157.485 


I.06I70 




.67412 






' 157.494 


1. 19849 




.76104 




Me 


' 157.477 




an, 157.484, ±: .0020 



♦ Journ. Amer. Chera. Soc., 18. 995. 1896. 
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Now, to combine all five sets of results : 

Penny 157-4417. ib .0033 

Marignac 157.4236, ±: .0061 

Sus, 1st series. 157.4740, ±: .0014 

Stas, 2d " 157.4S60, zh .0003 

Hardin 157.484, ±: .0020 

General mean I57.479» 1^.0003 

For the direct ratio between silver nitrate and silver chloride there are 
two series of estimations. A weighed quantity of nitrate is easily con- 
verted into chloride, and the weight of the latter ascertained. In two 
experiments Turner* found of chloride from 100 parts of nitrate : 

84^357 
84.389 



Mean, 84.373, d: .01 1 

Penny ,t in five determinations, found the following percentages 

84.370 

84.388 
84.377 
84.367 
84370 



Mean, 84.3744, d= .0025 

The general mean from both series is 84.3743, ± .0025. 

The ratio directly connecting silver nitrate with ammonium chloride 
has been determined only by Stas. J The usual method of working was 
followed, namely, nearly equivalent quantities of the two salts were 
wei^^hed out, the solutions mixed, and the slight excess of one estimated 
by titration. In four experiments 100 parts of silver nitrate were found 
equivalent to chloride of ammonium, as follows: 

3<.489 
31.490 

3»-487 
31.486 

Mean, 31.488, ± .0006 

The similar ratio between potassium chloride and silver nitrate has 
been determined by both Marignac and Stas. 

* Phil. Trans., 1833, 537. 

fPhil. Trans., 1839. 

t Aronstein's translation, p. 309. 
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Marignac * gives the following weights. I add the quantity of KCl 
roportional to 100 parts of AgNO, : 

1.849 grm. KCl = 4.218 grm. AgNOj. 43.836 

2.473 *' 5.640 " 43-848 

3-317 *' 7.565 ** 43.847 

2.926 '* 6.670 " 43.868 

6. 191 '* 14. 1 10 " 43.877 

4.351 ** 9.918 *' 43.870 

Mean, 43-858, d= .0044 

Stas- 1 results are given in three series, representing silver nitrate from 
hree different sources. In the third series the nitrate was weighed in 
racuo, while for the other series this correction was applied in the usual 
w'ay. For the KCl equivalent to 100 parts of AgNO, Stas found : 

Firsl Series. 

43.878 
43.875 
43.875 
43874 

Mean, 43.8755i ± .0005. 

Second Series. 

43.864 
43.869 
43.876 

Mean, 438697, db .0023 

Third Series, • 

43.894 
43.878 
43.885 

Mean, 43.8857, ± .0031 

Combining all four series we have : 

Marignac 43.858, i .0044 

Stas, 1st series 43-8755, dz .0005 

Stas, 2d *• 43.8697, zh .0023 

Stas, 3d '* 43.8857. ifc .0031 

General mean 43.8715, rh .0004 

There have also been determined by Penny, by Stas, and by Hibbs a 
series of ratios connecting the alkaline chlorides and chlorates with the 
corresponding nitrates. One of these, relating to the lithium salts, will 
be studied farther on with reference to that metal. 

■^^•^—^- - - ■ - - — 

•Bcrzelius' Le'urbuch, 5th ed., 3d vol., 1184, 1185. 
f Aronstein*s translation, p. 30S. 

5 
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The general method of working upon these ratios is due to Pei 
Applied to the ratio between the chloride and nitrate of potassiun: 
as follows : A weighed quantity of the chloride is introduced into a 
which is placed upon its side and connected with a receiver. An t 
of pure nitric acid is added, and the transformation is gradually bn 
about by the aid of heat. Then, upon evaporating to dryness o 
sand bath, the nitrate is brought into weighable form. The liqu 
the receiver is also evaporated, and the trace of solid matter whicl 
been mechanically carried over is recovered and also taken into ace 
In another series of experiments the nitrate was taken, and by pur 
drochloric acid converted into chloride, the process being the same 
the following columns of figures I have reduced both series to one s 
ard, namely, so as to express the number of parts of nitrate correal 
ing to 100 of chloride : 

First Series. — KCl treated with HNO^, 

135639 
135-637 
135.640 

"35.635 

135.630 
135.640 

135.630 



Mean, 135. 636, ± .0011 



Second Series, — KNO^ treated with HCl. 

135.628 

135-635 
135.630 

J35.64I 
"35 630 

'35.635 
135.630 



Mean, 135.633, ±.0011 

Stas' t results are as follows : 

'35.643 
135.638 

'35.647 
135.649 

135.640 

'35.645 
'35.655 



Mean, 135-6453. ± 0014 



•Phil. Trans., 1839. 
fAronstein's translation, p. 370. 
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These figures by Stas represent weighings in the air. Reduced to a 
vacuum standard, this mean becomes 135.6423. 

The determinations made by Hibbs* differ slightly in method from 
tbose of Penny and Stas. He converted the nitrate into the chloride by 
heating in a stream of gaseous hydrochloric acid. His results were as 
follows, vacuum weights being given • 



JVti^hl KNO^ 


Weight KCL 


Ratio, 


.11090 


.08177 


135.624 


.14871 


.10965 


135.622 


.21067 


•15533 


135627 


.23360 


.17225 


135.620 


.24284 


.17903 


135.642 
Mean, 135.627, 



.0026 



Now, combining, we have : 

Penny, ist series '35.636, it .001 1 

Penny, 2d ** 135633, ±.0011 

SUs 135.6423, =fc .0014 

Hibbs 135.627, lb .0026 

General mean 135-636, ± .0007 

By the same general process Penny t determined how much potassium 
nitrate could be formed from 100 parts of chlorate. He found as follows : 

82.505 
82.497 
82.498 
82.500 



Mean, 82.500, d= .0012 



For 100 parts of sodium chlorate he found of nitrate 

79.875 
79.882 

79.890 



Mean, 79.8823, zfc .0029 



For the ratio between the chloride and nitrate of sodium Penny made 
two sets of estimations, as in the case of potassium salts. The subjoined 
fignres give the amount of nitrate equivalent to 100 parts of chloride : 



'Tbeijs for Doctor*a degree, University of Pennsylvania, 1896. 
«f PnifeMor B. P. Smith. 
tFULTrtna., i^ 
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First Series.— NaCl treated with HNO^, 

145-415 
145.408 
145.420 

145.424 
145.410 

145.418 
145.420 

Mean, 145.4164, ± .0015 

Second Series. — NaNO^ treated with HCl. 

145.419 

145.391 
i45-4<2 

145.415 
145.412 
145.412 

Mean, 145.410, ifc .0026 

Stas * gives the following series : 

145.453 
145-468 

145.465 
145.469 

145-443 
Mean, after reducing to vacuum standard, 145.4526, 4= .0030 

Hibbs' t data, obtained by the method employed in the case 01 
potassium compounds, are as follows, vacuum weights being stated 

Weight NaNOy Weight NaCl, Ratio. 

.01550 .01066 145.403 

.20976 .14426 145.404 

.26229 .18038 145.410 

.66645 .45829 145.429 

.937'8 .64456 145.399 

Mean, 145.407, ± .0026 

Combining, we have as follows : 

Penny, 1st series 145.4164, dz .0015 

Penny, 2d *• 145.410, dr .0026 

Stas '45.4526, rb .0030 

Hibbs M5.407, =b .0026 

General mean 145.418, ±.0012 



•Aronstcin's translation, p. 278. 

t Thesis, University of Pennsylvania, 1S96. 



NITROGEN. 



69 



Julius Thomsen, * for the purpose of fixing indirectly the ratio H : 0, 
has made a valuable series of determinations of the ratio HCl: NH,, 
which may properly be used toward establishing the atomic weight of 
nitrogen. First, pure, dry, gaseous hydrochloric acid is passed into a 
weighed absorption apparatus containing pure distilled water. After 
noting the increase in weight, pure ammonia gas is passed in until a very 
slight excess is present, and the apparatus is weighed again. The excess 
of NHj, which is always minute, is nfleasured by titration with standard 
hydrochloric acid. In weighing, the apparatus is tared by one of similar 
form, and containing about the same amount of water. Three series of 
determinations were made, differing only in 'the size of the absorption 
apparatus ; so that for present purposes the three may be taken as one. 
Thomsen considers them separately, and so gives greatest weight to the ex- 
periments involving the largest masses of material. I give his weighings, 

HCl 
and also, as computed by him, the ratio 



First series. 



HCL 

5.1624 

39425 

4.6544 
3.9840 

5.3295 
4.2517 
4.8287 

6.4377 
4.1804 

50363 
4.6408 

II. 8418 
14.3018 
12.1502 

11.5443 
12.3617 

Third series 19-3455 

19.4578 



NH,- 



NH.. 



Ratio, 



Second series. . . 



2.4120 


2.1403 


1.8409 


2.1416 


2.1739 


2.1411 


1.8609 


2.1409 


2.4898 


2.1406 


1.9863 


2.1405 


2.2550 


2.1414 


3.0068 


2.1411 


1.9528 


2.1407 


2.3523 


2.1410 


2.1685 


2. 141 1 


5.5302 


2.14130 


6.6808 


2.14073 


5.6759 


2.14067 


5.3927 


2.14073 


5.7733 


2.14118 


9.0360 


2.14094 


9.0890 


2. 1 408 1 


Mean of all, 


. 2.14093, 


Reduced to vacuo, 


2.1394 



.000053 



From the sums of the weights Thomsen finds the ratio to be 2.14087, 
or 2.13934 in vacuo. From this, using Ostwald's reductions of Stas' data 
foi" the atomic weights of N and CI, he finds the atomic weight of H = 
0.99946, when = 16. 

We have now, apart from the determinations of gaseous density, eleven 
J^tiog, representing one hundred and sixty-four experiments, from which 



^ZeitKh. Physikal. Chem., 13, 398. 1894. 
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to calculate the atomic weight of nitrogen. Let us first collect and num- 
ber thcHe ratios : 

(I.) Ag I AgNO, : : lOO : 157-479, :i: .«»3 
(2.)*AgNOg : AgCl : : lOO : 84.3743, ± .0025 
(3.) AgNOj : KCl : : lOO : 43.8715, zt .0004 
(4.) AgNO, : NH^Cl : : 100 : 31.488, dr .0006 
(5.) Ag : NH^Cl : : 100 : 49-5983, ± .00031 
(6.) Ag : NH^Br : : 100 : 90.8299, ± .0008 
(7.) KCl : KNO, : : too : 135.636, db .0007 
(8.) KCIO, : KNOj : : 100 : 82.500, zfc .OOI2 
(9.) NaCl : NaNO, : : 100 : 145 418, ± .0011 

(10.) NaClO, : NaNO, : : 100 : 79.8823, d: .0029 

(II.) NH, : HCl : : l.oo : 2.1394, it .000053 

Kri>ni tluwo ratia** we are now able to deduce the molecular weight of 
anu\\iU\iun\ ohloridi\ ammonium bromide, and three nitrates. For these 
oaloulations wo must use the already ascertained atomic weights of oxy- 
|j\»u» 8ilvor» ohU>rint\ bnmiino, sodium and potassium, and the moleculir 
woi>?ht8 of 8odium chloride, pobissium chloride, and silver chloride. The 
ftUlowin^ art^ tl\o antiHXHlont values to be employed : 

Ag " 107. loS, ± .0031 

K =r 3S,Sl7. ±: .0051 

Na r^ ii.SSi. rr .0046 
CI =r Ji5.l70, r::.O04S 

^ -- 7»J .VM. rr .oc6a 
V\ - ■ 47*^37. =: .0009 
A^'l =- i4i.i2S7. :::r .«>37 
Kv.'l T 74.0^5, rr .0019 
NaCI .- 5^C«>^ ::: .0017 

\v^\^. t\vu\ r-AJu^ uuiulvr rtw we ^^; the moleouLir weight of NH^Cl^ 

^Nvm n^Uv^ muulvr six. NH.Hr - V^Tji;^^ :r aX>29, md X = 13.942, 

Kvviu \^Uv^ uutulvr elowu. NU, — Uv^lU r= -OtHS^and X « 13.911, 

^\\vu \\^',u^ nu'v\^r tVur, >^h:ch * t\ ,\v\'^ ^a exprcsi^oQ of the type 
V U v' \ .i'l rNlc;x*tv.u*c:; \:jCu< *j> dediiciWe, X = 13.935, 

t\v: iNo jv,.vIa\x'^v >^\\x'''. o n'\vv- r.::r:i:e :h!er^ akre three values, 



S \ 



SV.-J 



>*x«.- V^ 






'^^\ «*>«•« *•>>*■* 



V^^NV\ l*j<$^>»f^ :^ .0059 



U.^sv \ ■<>'^*A : 
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le molecular weij^ht of potassium nitrate is twice calculable, as 
ws : 

From (7) KNOj = 100.405, ± .0026 

From (8) ** = 100.37 1, rt .0059 



General mean KNO3 = 100.401 , zt .0024 

ence X = 13.947, ± .0057. 

iid for sodium nitrate we have : 

From (9) NaNOj = 84.430, ± .0026 

From (10) " =r 84.433, ± .6053 



General mean NaNO, = 84.431 , dr .0023 

ence N = 13.913, ± .0052. 

lere are now seven estimates of the atomic weight of nitrogen, to be 

bined by means of the usual formula. 

I. From NH^Cl N = 13.945, db .0051 



2. 

3. 

4. 

5. 
6. 

7. 



NHJk. . 
ratio (4). 

" (II) 
AgNO... 
KNO, . . 
NaNOj. . 



= 13.942, db .0077 
= 13.935, ± .0073 
= 13.911, ± .0048 

= »3.945, ± .0044 
= 13.947, ± .0057 
= 13.913, db .0052 



General mean. N = 13.935, ± .0021 



* oxygen is 16, this becomes 14.041. From Stas' data alone, Stas 
s 14!^044 ; Ostwald, 14.0410 ; Van der Plaats, 14.0421 (A), and 14.0519 
; and Thomsen, 14.0396. The new value, representing all available 
I, falls between these limits of variation. 
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CARBON. 

Alth()UjT;h tliere is a large mass of material relating to the atomic weight 
of (uirhon, much of it may be summarily set aside as having no value 
for present i>urposes. The density of carbon dioxide, which has bca 
8crui>ulou8ly determined by many investigators * leads to no safe esti- 
mate of the constant under consideration. The numerous analyses of 
hydrocarbons, like the analyses of naphthalene by Mitscherlich, Wwk- 
resensky, Fownes, and Dumas, give results scarcely more satisfactorr. 
In short, all the work done upon the atomic weight of carbon before the 
year 1840 may be safely rejected as unsuited to the present requirements 
of exact science. As for methods of estimation we need consider but 
four, as follows: 

First, The analysis of organic salts of silver. 

Sfetmd. The determination of the weight of carbon dioxide formed by 
the combustion of a known weight of carbon. 

ninL The method of Stas, by the combustion of carbon monoxide. 

Fourth, From the densitv of carbon monoxide. 

The tirst of these methods, which is probably the least accurate, was 
employotl by Liobig and Redtenbacher t in 1840. They worked with 
tho aootate. tartrate, racemate, and malate of silver, making five ignitions 
of each s;\lt, ami detonnining the percentage of metal. From one to 
nine crammos of material were used in each experiment. 

In the acetate tho following percentages of silver were found : 

64.61s 
64,624 
64.623 
64,614 
64.610 / 



Mean, 64.6172, r: .0018 

Anor ai^p'ying corrections for weighing in air, this mean becomeB 

Ir. :ho tAriniio tho silver came out as follows: 

50.20: 
50. 200 
50.2S7 

50.20; 

50. 20; 



McAr. 50 205S. = ,0014 

'. rr/.:^r.; t." a vacuum, 50.2Sx^ 



H i'ZTJ. z'.i * r .-. V i -c > J. r .-. F.' r dc: Jir.sv Vat. iVnn '* nonofrapli aay ^ 



e racemate we have : 
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59.290 
59.292 
59.287 
59.283 
59.284 



Mean, 59.2872, dz .0012 
Or, corrected, 59.2769 



rom the malate: 

6^1.996 
61.972 
62.015 
62.059 
62.011 

MeaA, 62.0106, d= .0096 
Or, corrected, 62.0016 

ipplying to these mean results the atomic weights already found 
en and silver, we get the following values for carbon : 

From the acetate C = 1 1-959, zt .0021 

From the tartrate " = 11.967, d= .0019 

From the racemate ** = 1 1.973, ± .0017 

From the malate *' = 1 1.972, dz .0098 

hese results, although remarkably concordant, are by no means 
Lchable. They involve two possible sources of constant error, 
impurity of material and the volatility of the silver. These 
18 have both been raised by Stas, who found that the silver tar- 
3pared as Liebig and Redtenbacher prepared it, always carried 
the nitrate, and that he, by the ignition of that salt, could not 
ts at all agreeing with theirs. In the case of the acetate a similar 
' would lower the percentage of silver, and thus both sources of 
aid reinforce each other and make the atomic weight of carbon 
: too high. With the three other salts the two sources of error 
posite directions, although the volatility of the silver is probably 
3r in its influence than the impurity. Even if we had no other 
ting to the atomic weight of carbon, it would be clear fronr these 
t the results obtained by Liebig and Redtenbacher must be 
■f in excess of the true figure. 

3r, * however, discussed the data given by Lietig and Redten- 
y the method of least squares, using the Berzelian scale, and 
; H = 12.51. Thus treated, they gave C = 75.415, and Ag = 
or, with = 16, C -= 12.066 and Ag = 107.903. These values 

•Ann. Chem. Pharm., 59, 280. 1846. 
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of course would change somewhat upon adoption of the modem ratio 
between and H. 

Observations upon silver acetate, like those of Liebig and Redtenbacher, 
were also made by Marignac* The salt was prepared by dissolving 
silver carbonate in acetic acid, and repeatedly recrystallizing. Two ex- 
periments gave as follows : 



3.3359 grm. acetate gave 2.1561- Ag. 
3.0527 •* 1.9727 '* 



64.633 per cent. 
64.621 



it 



Mean, 64.627, ib .0040 



Reduced to a vacuum, this becomes 64.609. 

In a second series, conducted with special precautions to avoid me- 
chanical loss by spurting, Marignac found : 



24.717 grm. acetate gave 15.983 Ag. 
21.202 •' '3.709 ** 

31.734 •* 20.521 ** 



64.665 per cent. 

64.661 

64.666 



(< 



(( 



Mean, 64.664, ± .0010 
Or, reduced to a vacuum, 64.646 

Other experiments, comparable with the preceding series, have recently 
been published by Hardin, t who sought to redetermine the atomic 
weight of silver. Silver acetate and silver benzoate, cacefuUy purified, 
were subjected to electrolysis in a platinum dish, and the percentage of 
silver so determined. For the acetate, using vacuum weights, he gives 
the following data, the percentage column being added by myself: 



.32470 grm. 


acetate 


gave .20987 Ag. 


64.635 1 


per 


cent. 


.40566 


(1 


.26223 '* 


64.643 


t 


1 


.52736 


(t 


.34086 '* 


64.635 


i 


« 


.60300 


i( 


.38976 " 


64.637 


I 


t 


.67235 


(( 


.43455 *' 


64.631 




It 


.72452 


it 


.46830 " 


64.636 




u 


.78232 


«< 


.50563 " 


64.632 




n 


.79804 


t« 


.51590 *' 


64.646 




tt 


.92101 


it 


.59532 *' 


64.638 




It 


1.02495 


i« 


.66250 •* 


64.637 


tt 








Mean, 64.637, 


±2 


.con 



Combining this series with those of the earlier investigators we have: 

Liebig and Redtrnbacher. 64.6065, ±: .0018 

Marignac, ist scries 64.609, dt .0040 

Marignac, 2d ** 64.646, rb .0010 

Hardin 64.637, dr .001 1 



General mean 64.636, ±: .0007 



•Ann. Chem. Pharro.. 59. 2S7. i^m^^. 

f Joom. Amer. Chem. :Foc.. iS. 990. 1S96. 



CARBON. 



75 



With silver benzoate, C^HjAgOj, Hardin s results are as follows : 



.40858 grm. benzoate gave .19255 Ag. 



.46674 




.21999 ** 


.48419 




.22815 ** 


.62432 




.29418 " 


.66496 




.3"340 " 


.75853 




.35745 *' 


•.76918 




.36247 " 


.81254 




.38286 ** 


.95673 




.45079 *• 


1.00840 




.47526 *' 



47.127 per cent. 

47.133 
47.120 

47.120 

47.131 
47. 1 24 
47.124 

47.i'9 
47.118 

47.130 



Mean, 47.125, ± .0012 

A different method of dealing with organic silver salts was adopted 
by Maumen6,* in 1846, for the purpose of establishing by reference to 
carbon the atomic weight of silver. We will simply reverse his results 
and apply them to the atomic weight of carbon. He effected the com- 
bustion of the acetate and the oxalate of silver, and, by weighing both 
the residual metal and the carbon dioxide formed, he fixed the ratio 
between these two substances. In the case of the acetate his weighings 
show that for every gramme of metallic silver the weights of CO, were 
produced which are shown in the third column : 



8.083 


grm. 


Ag = 


= 6.585 gnn. CO,. 


.8147 


II. 215 




If 


9.»35 


(t 


.8136 


14.351 




<i 


".6935 


t( 


.8148 


9.030 




<« 


7.358 


K 


.8148 


20.227 




it 


16.475 


l( 


.8145 




Mean, .81448 



The oxalate of silver, ignited by itself, decomposes too violently to 
give good results ; and for this reason it was not used by Liebig and 
Redtenbacher. Maumen^, however, found that when the salt was mixed 
^\ih sand the combustion could be tranquilly effected. The oxalate 
employed, however, with the exception of the sample represented in the 
last experiment of the series, contained traces of nitrate, so that these 
results involve slight erfors. For each gramme of silver the appended 
weights of CO, were obtained : 



14.299 grm. 


Ag. 


= 5.835 grm 


.-CO,. 




.4081 


17.754 




7.217 






.4059 


11.550 




4.703 






.4072 


10.771 




4.387 






•4073 


8.674 




3.533 






.4073 


".4355 




4.658 




Mean, 


.4073 




.40718 



*Ann. Chim. Phys. (3), 18, 41. 1846. 
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Now, one of these salts being formed by a bivalent and the other bj 
univalent acid, we have to reduce both to a common standard. Doii 
this, we have the following results for the ratio between the atoii 
weight of silver and the molecular weight of CO,; if Ag = 1.00: 

From the acetate CO, = .40724, ± .000076 

From the oxalate " =.40718, db .000185 

General mean CO, = .40723, db .000071 

t 

Here the slight error due to the impurity of the oxalate becomes 
such trifling weight that it practically vanishes. 

As has already been said, the volatility of silver renders all the f( 
going results more or less uncertain. Far better figures are furnished 
the combustion of carbon directly, as carried out by Dumas and Stj 
in 1840 and by Erflmann and Marchand t in 1841. In both invest 
tions weighed quantities of diamond, of natural graphite, and of artifi 
graphite were burned in oxygen, and the amount of dioxide produ 
was estimated by the usual methods. The graphite employed was p 
fied with extreme care by treatment with strong nitric acid and by fus 
with caustic alkali. I have reduced all the published weighings 1 
common standard, so as to show in the third column the amoun 
oxygen which combines with a unit weight (say one gramme) of carl 
Taking Dumas and Stas' results first in order, we have from nati 
graphite: 

1. 000 grm. C gave 3.671 grm. CO,. 2.6710 

.998 •' 3.660 ** 2.6673 

.994 " 3-645 " 2.6670 

1. 216 ** 4.461 " 2.6686 

1.471 '* 5.395 *' 2.6676 









Mean, 2.6683, dr .0005 


With artificial graphite : 






.992 grm. 

.998 
1.660 

1.465 


C 


gave 3.642 grm. CO,. 
3.662 
6.085 
5.365 " 


2.6714 
2.6682 
2.6654 
2.6744 

Mdan, 2.66985, -+- .OD13 


And with diamond : 






• 


.708 grm. 

.864 

1. 219 
1.232 

1-375 


C| 

(1 
it 
n 


gave ^.598 grm. CO,. 

3.1675 " 
4.465 

4.519 ' " 
5.041 


2.6695 
2.6661 
2.6628 
2.6680 
2.6662 




Mean, 5.6665 ±: .0007 



• Compt. Rend., ii, 991-1008. Ann. Chim. Phys. (3). i, i. 
t Jour, f Prakt. Chcm., 23, 159. 
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Erdmann and Marchand's figures for natural graphite give the follow- 
ing results : 

'•5376 gnn. gave 5.6367 grm. CO,. 2.6659 
1.6494 ** 6.0384 ** 2.6609 

1.4505 *• 5.31575 " 2.6647 

In one experiment 1.8935 grm. of artificial graphite gave 6.9355 grih. 
CO,. Ratio for O, 2.6628. This, combined with the foregoing series, 
gives a mean of 2.6636, ± .0007. 

With the diamond they found : 

.8052 grm. gave 2.9467 grm. CO,. 2.6596 

i.o8«;8 ** ^.o87«; " 2.66^2 



1.0858 


<( 


3.9B75 


<< 


2.6632 


1.3557 


(< 


4.9659 


(1 


2.6629 


1.6305 


*> 


5-97945 


(( 


2.6673 


.7500 


<( 


2.7490 


(< 


2.6653 



Mean, 2.6637, ± .0009 

In more recent years the ratio under consideration has been carefully 
redetermined by Roscoe, by Friedel, and by Van der Plaats. Roscoe * 
made use of transparent Cape diamonds, and in a sixth experiment he 
burned carbonado. The combustions were effected in a platinum boat, 
contained in a tube of glazed Berlin porcelain ; and in each case the ash 
was weighed and its weight deducted from that of the diamond. The 
results were as follows, with the ratios stated as in the preceding series : 



1.2820 grm. 


C 


gave 4.7006 COj. 


2.6666 


I. 1254 




4.1245 " 


2.6649 


1.5287 




5.6050 ** 


2.6665 


.7112 




2.6070 '* 


2.6656 


1.3842 




5.0765 '* 


2.6675 


.4091 




1.4978 " 


2.6612 



^ Mean, 2.6654, db .0006 

Friedel's work,t also upon Cape diamond, was in all essential par- 
ticulars like Roscoe's. The data, after deduction of ash, were as follows : 

.4705 grm. C gave 1.7208 CO,. 2.6628 

.8616 '* 3.1577 ** 2.6640 

Mean, 2.6634, i .0004 

By Van der Plaats J we have six experiments, numbers one to three 
on graphite, numbers four and five on sugar charcoal, and number six 
on charcoal made from purified filter paper. Each variety of carbon 
was submitted to elaborate processes of purification, and all weights were 

•Ann. Chim. Phys. (5), a6, 136. Zeit. Anal. Chem., 22, 306. 1883. tompt. Rend., 94, 1180. 1882. 
tBoIL Soc. Chim., 4^, 100, 1884. 
iCompt Rend., 100, 5a. 1885. 
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reduced to vacuum standards. The data, with ash deducted, are sub- 
joined : 

1. 5.1217 grm. C gave 18.7780 CO,. 2.6664 

2. 9.0532 '* 33.1931 ** 2.6664 

3. 13.0285 " 47.7661 ** 2.6663 

4. 11.7352 •* 43.0210 ** 2.6660 

5. '9. '335 ** 70.1336 " 2.6655 

6. 4.4017 ** 16.1352 ** 2.6657 

Mean, 2.6660, =b .0001 

This combines with the previous series thus : . 

Dumas and Stas, first set 2.6683, db .0005 

Dumas and Stas, second set 2.66985, :h .0013 

Dumas and Stas, third set 2.6665, db .0007 

Erdmann and Marchand, first set 2.6636, ± .0007 

Erdmann and Marchand, second jset 2.6637, ± .0009 

Roscoe 2.6654, dz .0006 

Friedel 2.6634, ± .0004 

Van der Plaats 2.6660, ± .0001 

General mean 2.6659, dr .0001 

Another very exact method for determining the atomic weight of car- 
bon was employed ])y Stas* in 1849. Carefully purified carbon mo- 
noxide was passed over a known weight of copper oxide at a red heat, 
and both the residual metal and the carbon dioxide formed were weighed. 
The weighings were reduced to a vacuum standard, and in each experi- 
ment a quantity of copper oxide was taken representing from eight to 
twenty-four grammes of oxygen. The method, as will at once be seen, 
is in all essential features similar to that usually employed for determin- 
ing the composition of water. The figures in the third column, deduced 
from the weights given by Stas, represent the quantity of carbon mo- 
noxide corresponding to one gramme of oxygen : 



9.265 grm. C 


) = 25.483 CO,. 


1.75046 


8.327 




22.900 '• 


1. 75010 


13.9438 




38.351 " 


1.75040 


11.6124 




31.935 " 


1.75008 


18.763 




51.6055 " 


1.75039 


19.581 




• 53.8465 " 


1.74994 


22.515 




61.926 " 


1.75043 


24.360 




67.003 " 


>. 75053 



Mean, 1.75029, d= .00005 

For the density of carbon monoxide the determinations made by 
Induct are available. The globe used contained 2.9440 grm. of air. 

♦ Bull. Acad. Bruxelles, 1849 (i), 31. 
tCorapt. Kend., 115, 1072. 1893. 
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[ with CO, it held the following weights, which give the accom- 
ing densities : 

m. CO, Density. 

2.8470 .96705 

2.8468 .96698 

2.8469 .96702 

Mean, .96702, ± .000015 

nbining this density with Leduc's determination of the density of 
Dgen, 0.6948, ±: .00006745, it gives for the atomic weight of carbon : 

C = 11.957, ±.0270. 

iuc himself combines the data with the density of oxygen, taken as 

03, and finds C = 11.913. In either case, however, the probable 

of the result is so high that it can carry little weight in the final 

>ination. 

r carbon, including all the foregoing series, we now have the sub- 

i ratios : 

(i.) Per cent. Ag in silver acetate ... . 64.636, ±.0007 

(2.) ** ** tartrate 59.2806, + .0014 

(3.) ** ** racemate.. 59.2769,^.0012 

(4.) ** ** malate .... 62.0016, dr .0096 

(5.) ** ** benzoate... 47.125, rb .0012 

(6.) Ag : CO, : : 1. 00 : 0.40723, ± .000071 

(7.) C : O, : : I.OO : 2.6659, rb .0001 

(8.) O : CO : : I.OO : 1. 75029, rh .OOO05 

(9.) Density of CO (airr= i), 0.96702, d= .000015 

.w, computing with O = 15.879, ± .0003, and Ag = 107.108, ± .0031, 
3t nine values, for the atomic weight of carbon, as follows : 



From 


(•) 


From 


{*) 


From 


(3) 


From 


(4) 


From 


(S) 


From 


(6) 


From 


(7) 


From 


(8) 


From 


(9) 



C= II. 921, ± .0012 
** = 11.967, zh .0019 
*• = 11.973, ±.0017 
** = 11.972, rb .0098 
** = II. 917, db .0008 
** = 11.860, dr .0077 
** = II. 913, dr .0006 
'* = 11.914, ± .0010 
'• ==11.957, rb.0270 



General mean C = 1 1 .920, dr .0004 

O = 16, this becomes C = 12.011. 
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SULPHUR. 

The atomic weight of sulphur has been determined by means of four 
ratios connecting it with silver, chlorine, oxygen, sodium and carboo. 
Other ratios have also been considered, but they are hardly applicable 
here. The earlier results of Berzelius were wholly inaccurate, and hii 
later experiments upon the synthesis of lead sulphate will be used in 
discussing the atomic weight of lead. Erdmann and Marchand dettt^ 
mined the amount of calcium sulphate which could be formed from t 
known weight of pure Iceland spar ; and later they made analyses of 
cinnabar, in order to fix the value of sulphur by reference to calcium and 
to mercury. Their results will be applied in this discussion toward ascer- 
taining the atomic weights of the metals just named. 

First in order let us take up the composition of silver sulphide, as 
directly determined by Dumas, Stas, and Cooke. Dumas'* experiments 
were made with sulphur which had been thrice distilled and twice crys- 
tallized from carbon disulphide. A known weight of silver was heated 
in a tube in the vapor of the sulphur, the excess of the latter was distilled 
away in a current of carbon dioxide, and the resulting silver sulphide 
was weighed. 

I subjoin Dumas' weighings, and also the quantity of Ag^ proportional 
to ICK) parts of Ag, as deduced from them : 

99393 grm- Ag — 1.473 '*^. Ratio, 114.820 

9962 ** 1.4755" ** 114.811 

30.637 " 4.546 *« «* 114,838 

30.936 ** 4.586 •* «* 114.824 

30.720 " 4.554 '« •« 114.824 

Mean, 114.8234, ifc .0029 

Dumas used from ten to thirty grammes of silver in each experiment 
Stas, t however, in his work employed from sixty to two hundred and 
fifty grammes at a time. Three of Stas' determinations were made by 
Duinas' method, while in the other two the sulphur was replaced by pure 
sulphuretted hydrogen. In all cases the excess of sulphur waa expelled 
by carbon dioxide, purified with scrupulous care. Impurities in the 
dioxide may cause serious error. The five results come out as follows 
for 100 part« of silver: 

114.854 

114.853 
114.854 

"4.851 
114.849 



Mean. 



114.8522, zb.0007 



♦Ann. Chcm. Pharm., 113, 24. i860 
t Aronstcin's translation, p. 179. 
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Ihe experiments made by Professor Cooke * with reference to this ratio 
were only incidental to his elaborate researches upon the atomic weight 
of antimony. They are interestinjr, however, for two reasons : they serve 
to illustrate the volatility of silver, and they represent, not syntheses, 
but reductions of the sulphide by hydrogen. Cooke gives three series of 
lesults. In the first the silver sulphide was long heated to full redness 
in a current of hvdrogen. Highlv concordant and at the same time 
plainly erroneous figures were obtained, the error being eventually traced 
to the feet that some of the reducell silver, although riot heated to its 
melting point, was actually volatilized and lost. The second series, from 
reductions at low redness, are decidedly better. In the third series the 
sulphide was fully reduced below a visible red heat. Rejecting the first 
series, we have from Cooke's figures in the other two the subjoined quan- 
tities of sulphide corresponding to 100 parts of silver: 

7. 541 1 gnn. Ag^S lost .9773 gnn. S. Ratio, 114.889 

S.0364 *' .6524 ** ** 114.8S2 

2.5815 '• .3345 " " 114.886 

2.6130 •* .3387 *• '• 114.892 

2.5724 ** .3334 *• ** 114.891 

^ Mean, 114.888, rb .0012 

1. 1357 gnn. Ag,S lost .1465 S. Ratio, 1 14.810 

1.2936 *' .1670*'/ '* 114.823 

Mean, 1 14.8165, ± .0044 

Now, combining all four series, we get the following results : 

Dumas / 1 14.8234, 4^ .0029 

Sias 114.8522,1^.0007 

Cooke's 2d 1 14.888, d= .0012 

Cooke's 3d 1 14.8165, ih .0044 

General mean 1 14.85S1 , ±. .0006 

Here again we encounter a curious and instructive compensation of 
enore, and another evidence of the accuracv of Stas. 

The percentage of silver in silver sulphate has been determined by 
Strove and by Stas. Struve f reduced the sulphate by heating in a cur- 
rent of hydrogen, and obtained these results : 

5.1860 giro. Ag,SO^ gave 3.5910 giro. Ag. 69.244 per cent. 

6.0543 ** 4.1922 " 69.243 " 

8.6465 ♦* 5.9858 '• 69.228 " 

11.6460 ** 8.060S •* 69.215 

9.1090 '* 6.3045 •* 69.212 •' 

9.0669 ** 6 2778 *♦ 69.239 *• 

Mean, 69.230, -^ .004 

• Proc. Amer. Acad, of Arts of Sciences, vol. 12. 1877. 
t Ann. Chem. Pharm., 80. 203. 1^51. 
6 
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Stas* working by efisentially the sai 
grammea of sulphate at a time, found t 



69.309 
69.207 



i method, with from 56 U 
jse percentages : 



Mean, 69.103, ± .oot2 

Combining this mean with that from Stmve's aeries, we get a genenl 
meanof 69.2a5, ±0011. 

The third sulphur ratio with which we have now to deal is one of 
minor importance. When silver chloride is heated in a current of sol- 
phuretted hydrogen the sulphide is formed. This reaction waa applied 
by Berzeliustto determining the atoniio weight of sulphur. Hegim 
the results of four experiments; but the fourth varies ao widely from tiie 
others that I have rejected it. I have reason to believe that the van*- 
tion is due, not to error in experiment, but to error in printing ; nevo^ 
thelesa, as I am unable to track out the cause of the mistake, I mnst 
exclude the figures involving it entirely from our discussion. 

The three available experiments, however, give the following resulti. 
The last column contains the ratio of silver sulphide to 100 parts of 
chloride. 

6.6075 S""- AgCl gave 5.715 gim. Ag,S. 86.478 

9-*3a3 ■• 7-98325 " S6.471 

10.1775 " 8,80075 " 86.473 

Mean, 86.4737,^,0015 

We have also a single determination of this value by SvanWrg and 
Struve.I After converting the chloride into sulphide they dissolved the 
latter in nitric acid. A trifling residue of chloride, which had been 
enclosed in sulphide, and so protected against change, was left undia- 
Bolved. Hence a alight constant error probably affects this whole ratio. 
The experiment of Svanberg and Struve gave 86.472 per cent- of silTef 
sulphide derived from 100 of chloride. If we assign this figure equal 
weight with the results of Berzelius, and combine, we get a general meui 
of 86.4733. d= .0011. 

The work done by Richards § relative to the atomic weight of sulphur 
is of a different order from any of the preceding determinations. Sodium 
carbonate was converted into sodium sulphate, fixing the ratio Na,CO,: 
Na,SO, : : 100 : x. The data are as follows, with vacuum weights : 
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Na^CO^. Na^O^. Ratio. 

1.29930 1. 741 13 134.005 

3.1S620 4.26790 133.950 

I. 01 750 1.36330 133-985 

2.07680 2.78260 133.985 

1.22427 1.63994 *33.952 

1.77953 2.38465 134.005 

2.04412 * 2.73920 134.004 

3.06140 4.10220 133.997 

Mean, 133.985, dr .0055 

he available ratios for sulphur are now as follows: 

(I.) Agj : AgjS : : lOO : 114.8581, dz .0006 
(2.) Per cent. Ag in Ag,S04, 69.205, dr .001 1 
(3.) 2 AgCl : AgjS : : 100 : 86.4733i ± .0011 
(4.) Na^CO, : Na^SO^ : : lOO : 133.985, ± .0055 

rem these ratios, four values for the atomic weight of sulphur are 
ucible. Calculating with — 

O = 15.879, d- .0003 

Ag = 107.108, d= .0031 

CI = 35.179, ± .0048 

Na = 22.881, d= .0046 
C = 11.920, ± .0004 
AgCl = 142.287, d= .0037, 

have : 

From (i) S = 31.828, d= .0016 

From (2) ** = 31.806, dr .0048 

From (3) •* = 31.864, dr .0086 

From (4) " = 3'-835, =t .019* 

General mean. .•. S =r 31.828, zh .0015 

f O = 16, S = 32.070. From Stas' ratios alone, Stas found 32.074 ; 
wald, 32.0626; Van der Plaats, (A) 32.0576, (B) 32.0590, and Thorn- 
, 32.0606. Here again Stas' determinations far outweigh all others. 
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LITHIU>[. 



The earlier determinations of the atomic weight of lithium by Aifni 
son, Stromeyer, C. G. Gmelin, and Kralovanzky were all erroneous 
because of the preaeace of sodium compounds in the material empIoTMl 
The results of Berzeliud, Hagen, and Hermann ivere also incorrect, ami 
need no further notice here. The only inveatigations which we newl U 
consider are those of Mallet, Dielil, Troost, Stas, and Dittniar. 

Mallet's experiments* were conducted upon lithium chloride, wiiiiA 
had been purified as completely as possible. In two trials the chluriik 
was precipitated by nitrate of silver, which was collected upon a filter 
and estimateii in the ordinary way. The figures in the third colatnn 
rejjresent the LiCl proportional to 100 parts of AgCl : 



8.5947 






i6 grm. AgCI. 



29.S74 



In a third experiment the LiCl was titrated with a standard solntioa 
of silver, 3.9942 grm. LiCl balanced 10.1702 grm, Ag, equivalent to 
13.511 grm. AgCl. Hence 100 AgCl = 29.563 LiCl. Mean of all thw 
experiments. 29.581, ± .0087. 

Diehl.t whose paper begins with a good resumiS of all the earlier 
determinations, describes experiments made with lithium carbonate. 
This salt, which was spectroscopically pure, was dried at 130° befoiB 
weighing. It was then placed in an apparatus from which the carlMO 
dioxide generated by the action of p\ire sulphuric acid upon it could ia 
expelletl. and the loss of weight determined. From this loss the follfif- 
ing percentages of CO, in Li^CO, were determined : 

59-4°+ 

59.440 

59.401 

Mean, 59 417, i .006 

Diehl's investigation was quickly followed by a confirmation from 
TrooBt.+ Tliie chemist, in an earlier paper,§ had sought to fix the atomic 
weight of lithium by an analysis of the sulphate, and bad found a ;■»]« 
not far from (3.5, thus confirming the results of Berzelius and of Haeeo, 
who had employed the same method. But Diehl showed that the BaSOi 
precipitated from Li,SOj always retaine<l traces of Li, which were reeop 
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Tii'zable by spectral analysis, and which accounted for the error. In the 
later paper Troost made use of the chloride and the carbonate of lithium, 
T)oth spectroscopically pure. The carbonate was strongly ignited with 
pure quartz powder, thus losing carbon dioxide, which loss was easily 
estimated. The subjoined results were obtained : 

.970 grin. LijCO, lost .577 grm. CO^. 59»485 pcr cent. 

1.782 *« 1.059 '* 59427 *' 



Mean, 59.456, dr .020 

The lithium chloride employed by Troost was heated in a stream of 
ciry h>'43rochloric acid gas, of which the excess, after cooling, was ex- 
pelled by a current of dry air. The salt was weighed in the same tube 
in which the foregoing operations had been performed, and the chlorine 
was then estimated as silver chloride. The usual ratio between LiCl 
and 100 parts of AgCl is given in the third column : 

1.309 grm. LiCl gave 4.420 grm. AgCl. 29 615 

2.750 " 9.300 ** 29.570 



Mean, 29.5925, ±.0145 

lliis, combined with Mallet's mean, 29.581, ±: .0087, gives a general 
mean of 59.584, di .0075. 

Next in order is the work of Stas,* which was executed with his usual 
wonderful accuracy. In three titrations, in which all the weights were 
reduced to a vacuum standard, the following quantities of LiCl balanced 
100 parts of pure silver : 

39.356 

39.357 
39-361 

Mean, 39.358, ± .001 

In a second series of experiments, intended for determining the atomic 
weight of nitrogen, LiCl was converted into LiNOj. The method was 
that employed for a similar purpose with the chlorides of sodium and 
of potassium. One hundred parts of LiCl gave of LiNOgi 

162.588 
162 600 
162.598 



Mean, 162.5953, ± .0025 

The determinations of Dittmarf resemble those of Diehl; but the 
lithium carbonate used was dehydrated by fusion in an atmosphere of 
carbon dioxide. The carbonate was treated with sulphuric acid, and 

♦Aronstcin's translation. 279-302. 

t Trans. Roy. Soc. Edinburgh, 35, II, 429. 1889. 
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the COj was collected and weighed in an absorption appa,ratu8, \v 
was tared by a similar apparatus after the method of Regnault. 
following percentages of CO, in Li^COj were found : 

59.601 
59.645 

59.529 — rejected. 

59-655 
59.683 

59.604 

59.517 
59.663 
60. 143 — rejected. 

59.794 
59.584 

Mean of all, 59.674 

Rejecting the two experiments which Dittmar regards as un 
worthy, the mean of the remaining nine becomes o9.638, ±: .0173. 
combines with the work of Diehl and Troost, as follows : 

Diehl 59-4' 7i =b .0060 

Troost 59.456, dr .0200 

Dittmar 59.638, =b .0173 

General mean 59.442, di .0054 

Dittmar's determinations give a much lower value for the a 
weight of lithium than any of the otheijs, and therefore seem to be 
tionable. As, however, they carry little weight in the general con 
tion, it is not necessary to speculate upon their possible sources of 

The ratios for lithium are now as follows : 

(l.) AgCl : LiCl : : lOO : 29.584, =h .0075 
(2.) Ag : LiCl : : 100 : 39.358, ±: .001. 
(3.) LiCl : LiNO, : : 100 : 162.5953, rh .0025 
(4.) Per cent, of CO2 in LijCOg, 59.442, ih 0054 

And the data to use in their reduction are — 

O = 15.879, :t .0003 N = 13.935. dr. 0015 

Ag = 107. 108, dr .0031 C ;=r 11.920, dz .0004 

CI = 35.179, =b .0048 AgCl ^ 142.2S7, dz .0037 

These factors give two values for the molecular weight of lil 
chloride, thus : 

From (i) LiCl = 42.0942, dr .01 10 

From (2) •* - 42. 1556, :::3 .0016 

General mean LiCl — 42. 1542, rb .0016 
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For lithium itself there are three values : 

From molecular weight LiG Li = 6.9752, ± .0051 

From (3) ** =6.9855, ± .0129 

From (4) " r= 6.9628, zfc .0077 

General mean Li =r 6.9729, rh .0040 

If O = 16, Li = 7.026. From Stas' ratios, Staa found Li = 7.022 ; Ost- 
wald, 7.0303; Van der Plaats (A), 7.0273; (B), 7.0235; and Thomsen, 
7.0307. 



1 



RUBIDIUM. 

The atomic weight of rubidium has been determined by Bunsen, Pic- 
card, Godeffroy, and Heycock from analyses of the chloride and bromide. 

Bunsen,* employing ordinary gravimetric methods, estimated the ratio 
between AgCl and RbCl. His rubidium chloride was purified by frac- 
tional crystallization of the chloroplatinate. He obtained the following 
results, to which, in a third column, I add the ratio between RbCl and 
100 parts of AgQ : 



One grra. RbCl gave 1.1873 grm. AgCl. 


84.225 


I. 1873 


84.225 


1. 1850 


84.388 


1. 1880 •« 


84.175 



Mean, 84.253, ± .031 

The work of Piccardf was similar to that of Bunsen. In weighing, 
the crucible containing the silver chloride was balanced by a precisely 
similar crucible, in order to avoid the correction for displacement of air. 
The filter was burned separately from the AgCl, as usual ; but the small 
amount of material' adhering to the ash was reckoned as metallic silver. 
The rubidium chloride was purified by Bunsen's method. The resulti<, 
expressed according to the foregoing standard, are a^ follows : 

^•^587 grm. RbCl= 1.372 AgCl -f .0019 Ag. 84.300 

1.4055 ** 1.6632 " .0030 ** 84.303 

i.ooi " 1. 1850 '* .0024 •* 84.245 

1.5141 ** 1.7934 •* .0018 '* 84.313 

Mean, 84. 290, zfc .0105 

Godeffroy, J starting with material containing both rubidium and 

•Zeit. Anal. Chera., i, 136. Poggend. Annal., 113, 339. 1S61. 

t Journ. far Prakt. Chem., 86. 4*4. 1862. Zeit. Anal. Chem., i, 518. 

I Ann. Chem. Pharra., 181, 185. 1876. 
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caesium, separated the two metals by fractional crystallization of their 
alums, and obtained salts of each spectroscopically pure. The nitric 
acid employed was tested for chlorine and found to be free from that 
impuiity, and the weights used were especially verified. In two of his 
analyses of RbCl the AgCl was handled by the ordinary process of filtra- 
tion. In the other two it was washed by decantation, dried, and weighed 
in a glass dish. The usual ratio is appended in the third column : 

1.4055 grm. RbCl gave 1.6665 g"Ti. AgCl. 84.338 

1.8096 *♦ 2.1461 •' 84320 

2.2473 *' 2.665 " 84.326. 

2.273 " 2.6946 •' 84.354 

Mean, 84.3345, i -OOS' 

Combining the three series, we get the following result : 

Bunsen 84.253, dz .031 Rb = 84.702 

Piccard 84.290, ±.0105 *' =84.754 

Godeflfroy 84.3345, i .0051 " =84.817 

General mean 84.324, ± .0045 

Heycock * worked by two methods, but unfortunately his results are 
given only in abstract, without details. First, silver solution was added 
in slight deficiency to a solution of rubidium chloride, and the excess 
of the latter was measured by titration. Tlie mean of seven exf)eriment8 
gave — 

Ag : RbCl : : 107.93 - 120.801 

Hence Rb = 84.702. 

Two similar experiments with the bromide gave — 

Ag; RbBr : : 107.93 : 165.437 
Ag : RbBr : : 107.93 : 165.342 

Mean, 165.3895, ± .0320 

There are now three ratios for the metal rubidium, as follows : 

(1.) AgCl : RbCl : : lOO: 84.324, ±: 0045 

(2.) Ag : RbCl : : 107.9? •* 120.801 

(3.) Ag : RbBr : : 107.93 : '65.3895, d= .0320 

To reduce these ratios we have — 

Ag = 107.108, ± .0031 

Br = 79.344, ±: 0062 
d = 35.179, ±: 0048 
AgCl =142.287, d=.oo37 



• British Association Report, 1882, p. 499. 
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For the molecular weight of RbCl, two values are calculable : 

From (l) RbCl= 1 19.981, rt .0109 

From (2) •• = 1 19.881, dr .0218 

General mean RbCl = 1 19.961, nr .0097 

To the value from ratio (2) I have arbitrarily assigned a weight rep- 
resented by the probable error as written above. The data for system- 
itic weighting are deficient, and no other course of procedure seemed 
idvisable. 

From RbCl Rb r=r 84.782, ± .0109 

From RbBr, ratio (3) " = 84.786, dr .0329 

General mean Rb = 84.783, zh .0103 

If O = 16, Rb = 85.429. 



CESIUM. 

The atomic weight of cresium, like that of rubidium, has been deter- 
mined from the analvsis of the chloride. The earliest determination, 
by Bunsen,* was incorrect, because of impurity in the material employed. 

In 1863 Johnson and Allen published their result«!.t Their material 
was extracted from the lepidolite of Hebron, Maine, and the cesium was 
separated from the rul)idium as bitartrate. From the ])ure caesium 
bitartrate cffisium chloride was prepared, and in this the chlorine wns 
estimated as silver chloride by the usual gravimetric method. Reducing 
their results to the convenient standard adopted in preceding chapters, 
we have, in a third column, the quantities of CsCl e<iuivalent to lUO 
parts of AgCl : 

1. 8371 grm. CsCl gave 1.5634 grm. AgCl. 117.507 



2.1293 


It 


I.8III 


<i 


117-580 


2.7018 


(i 


2.2992 


ii 


II7.5II 


I. 56165 


i( 


1.3302 


(t 


"7-399 



Mean, 117.499, ib .025 

Shortly after the results of Johnson and Allen ai)i)eared a new series 
of estimations was published by Bunsen. J His caesium chloride was 
purified by repeated crystallizations of the chloroplatinate, and the ordi- 

♦Zeit. Anal. Chem., i, 137. 

t Amcr. Journ. Sd. and Arts {2), 35, 94. 

X Poggend. Anualen, 119, i. 1863. 
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nary j^ravhnetric process was employed. The following results repress 
reHpoctively, material thrice, four times, and five times purified: 

^•3835 gnn. CsCl gave 1.1781 grm. AgCl. Ratio, 117.435 
1.3682 •* 1. 1644 ** •' 117.503 

1.2478 *' 1.0623 " ** 117.462 

Mean, 117.467, ±.013 

rMnloOroy^H work* was,« in its details of manipulation, sufficiei 
(lortcribod under rubidium. In three of the experiments upon caesi 
the nilvor chloride was washed by decantation, and in one it was 
lected upon a filter. The. results are subjoined : 

1.5825 grm. CsCl gave 1.351 grm. AgCl. Ratio, II7.I35 

1.3487 '* 1.1501 " ** 117.265 

1.1880 •* 1.0141 ♦' ♦♦ 117.148 

1.2309 ** 1.051 '* ♦' 117. 107 

Mean, 117.164, zb .023 

WtJ may now combine the three series to form a general mean : 

johuMon and Allen .... 117.499, ± .025 Cs = 132.007 

lUinJicn 117.467,^.013 "=131.961 

(iodcffroy 117.164,^1.023 '* = 131 560 

General mean. . . 1 17.413, db .010 

ir«nc(s if Ak'Cl = 142.287. ±: .0337, and CI = 35.179, ± .0048, Cs 
laLMMo, i: .0142. 
If ()- 10, C'h:^ 132.890. 

•Ann. Cheni. Pharm., 181, 185. 1876. 
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COPPER. 

The atomic weight of copper has been chiefly determined by means of 
the oxide, the sulphate, and the bromide, and by direct comparison of 
the metal with silver. 

In dealing with the first-named compound all experimenters have 
agreed in reducing it with a current of hydrogen, and weighing the 
metal thus set free. 

The earliest experiments of any value were those of Berzelius,* whose 
results were as follows : 

7.68075 grm. CuO lost 1.55 grm. O. 79.820 per cent, Cu in CuO. 
9.61 15 " 1.939 *• 79.826 



It (t 



Mean, 79.823, dt .002 

Erdmann and Marchand,t who come next in chronological order, 
corrected their results for weighing in air. Their weighings, thus cor- 
rected, give us the subjoined percentages of metal in CuO : 

63.8962 grm. CuO gave 51.0391 grm. Cu. 79.878 per cent. 

65.1590 " 52.0363 *' 79.860 

60.2878 ** 48.1540 " 79.874 

46.2700 •♦ 36.9449 ** 79.846 



t( 



Mean, 79.8645, ± .0038 

Still later we find a few analyses by Millon and Commaille. J These 
chemists not only reduced the oxide by hydrogen, but they also weighed, 
in addition to the metallic copper, the water formed in the experiments. 
In three determinations the results were as follows : 

6. 7 '45 gi'n™- CuO gave 5.3565 grm. Cu and 1.5325 grm. H^O. 79-775 per cent. 
3.39*5 ** 2.7085 ** .7680 *♦ 79-791 

2.7880 '* 2.2240 ** 79.770 



( < 



Mean, 79.7787, ± .0043 

For the third of these analyses the water estimation was not made, 
but for the other two it yielded results which, in the mean, would make 
the atomic weight of copper 62.680. This figure has so high a probable 
error that we need not consider it further. 

The results obtained by Dumas § are wholly unavailable. Indeed, he 
does not even publish them in detail. He merely says that he reduced 
copper oxide, and also effected the synthesis of tlie snbsulphide, but with- 
out getting figures which were wholly concordant, lie puts Cu = 63.o. 

• Poggend. Annal., 8, 177. 1826. 
t Journ. fflr Prakt. Chem., 31, 380. 1S44. 
X Frescnius' Zeitschrift, 2, 475. 1863. 
g Ann. Chim. ct Phys. (3), 55, 129. 1859. 
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In 1S73 Hampe* published his careful determinations, which were 
for many year:s ahuost unqualifiedly accepted. First, he attempted to 
i»stiniate tJie atomic weight of copper by the quantity of silver which 
tht' piuv metal could precipitate from its solutions. This attempt failed 
to ^ivo siitisfactory results, and he fell back upon the old method of 
nnlurin^ the oxide. From ten to twenty grammes of material were 
takiMi in each experiment, and the weights were reduced to a vacuum 
standard : 

20.3260 grm. CuO gave 16.2279 grm. Cu. 79.838 per ceni. 

20.68851 *' 16.51669 ** 79.835 

10.10793 ** 8.06926 " 79.831 



It 

tt 



Mean, 79.8347, ± .0013 

llampe also determined the quantity of copper in the anhydrous sii.^' 
phatt\ C'uSC\. From 40 to 45 grammes of the salt were taken at a tiin^ 
tho moUU wjvs thrown down by electrolysis, and the weights were a^ ^ 
r\»rrootod. I subjoin the results : 

40.40300 grm. CuSO^ gave 16.04958 grm. Cu. 39.724 per cent. 
44.64280 " 17.73466 " 39.726 '* 



Mean, 39.725, ±: .0007 

Tbo last series of data gives Cu =62.839, =b .0035, and is interesting 
for o\»iuparison with results obtained by Richards later. 

In all orthotV)rejjoing experiments with copper oxide, that compound 
\\k\n obtaiutnl by ignition of the basic nitrate. But, as was shown in th^' 
obaptor upon oxygon, copper oxide so prepared always carries occluded 
^♦^«»vi, whioh aro not wholly expelled by heat. This point was thoroughly^ 
N\NMk»Hl \{\\ by Uiohardst in his fourth memoir upon the atomic weight 
ol \ v»pp<M\ and it vitiates all the determinations previously made by this 

Ih A «ortoM of oxporiments with copper oxide ignited at varying tem- 
l^»hU\nHvi, and with difTerent degrees of heat during the process of reduc- 
U>M^, UtoluMHlrt obUUned values for Cu ranging from 63.20 to 63.62, when 
{ \ \{\s In two mvsos selected from this series he measured the amount 
\\\ ^\A'i\^\^\\^ ln»p\U'ity,and corrected the results previously obtained. The 
h^a\dl«« NVi^h* aw TolK^ws, with vacuum standards: 

I 00* VI jjvuK C'uO gave. .84831 grm. Cu. 79.802 per cent. 

».v>»«^5n •• 1.5298 " 79.S20 " 



Mean, 79.811, ±: .0061 

i'onvotln^j: \\\v tho ooohidod gases in the oxide, the sum of the two 
i*N |mm hnonlK gIvoH 7tltH)l per cent, of copper, whence Cu = 63.605. Three 

• FrriMrnluJi' Zeitschrift, 13. 352. 
t rroc. Amer. Acad., 26, 276. 1891. 
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other indirect results, similarly corrected, gave 79.900 per cent. Cu in 
CuO, or Cu = 63.603. If we assign all five experiments equal weight, 
and judge their value by the two detailed above, the mean percentage 
becomes 79.900, dz .0038. This figure need not be combined with tlie 
data given by previous observers, so far as practical purposes are con- 
cerned ; but as this work is, in part at least, a study of the compensation 
of errors, it may not be wasted time to effect the combination, as follows : 

Berzelius 79.823, db .0020 

Erdmann and Marchand 79.8645, ± .0038 

Millon and Commaille 79-77^7, it .oo43 

Hampe 79-8347, rb .0013 

Richards 79.900, dz .cx>38 

General mean 79-8355, zt .0010 

This result is practically identical with that of Hampe, whose work 
receives excessive weight, as does also that of Berzelius. The oxide of 
copper is evidently of doubtful value in the measurement of this atomic 
weight. 

The composition of the sulphate h:is been studied, not only by Hampe, 
but also by Baubigny* and by Richards.f Baubigny merely ignited 
the anhydrous salt, weighing both it and the residual oxide, as follows : 

4.022 grm. CuSO^ gave 2.0035 CuO. 49.813 per cent. 

2.596 " 1-293 " 49.807 '* 

Mean, 49.810, rb .002 

The same ratio, in reverse — that is, the synthesis of the sulphate from 
the oxide — was investigated by Richards (p. 275), wlio shows that the 
results obtained are vitiated by the same errors which affect the copper 
oxide experiments previously cited. The weights given are reduced to 
vacuum standards. The percentage of oxide in the sulphate is state^ in 
the third column of figures. 

1.0084 grm. CuO gave 2.0235 grm. CuSO^. 49-^35 per cent. 

2.7292 " 5-4770 " 49.830 

1.0144 '* 2.0350 " 49.848 



< t 



Mean, 49.838, rb .0036 

The two series combine thus : 

Baubigny 49.810, dr .0020 

Richards 49.838, rb .0036 

General mean 49.816, ±: .0017 

Here, plainly, the rigorous discussion gives Baubigny's work weight 
in excess of its merits. 

* Compt. Rend., 97, 906. 1883. 
fProc. Amcr. Acad., 26, 240. 1891. 
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In the memoir by Richards now under consideration, his fourth upon 
copper, the greater part of his attention is devoted to the sulphate, 
Hampe being followed closely in order to ascertain what sources of 
error affected the work of the latter. Crystallized sulphate, CuSO4.5H,0 
wan purified with every precaution and made the basis of operations. 
Three series of experiments were carried out, the water being determined 
by loHH of weight upon heating, and the copper being estimated electn)- 
lytically. In the first series the following data were found, the weights 
being reduced to a vacuum, as in all of Richards' determinations: 



I 

2 

3 



I 
a 

3 



CuSO^, S aq. 


CuSO^ at 250'', 




Cu. 


2.8815 






.7337 


2.7152 






.6911 


3.4639 


2.2184 




.8817 


percentages. 








Water at 250"" , 


Cu in Cryst, Salt, 
25.462 
25.452 


Cu 


in CuSO^. 


3S.9S« 


25.454 




39.745 



Mean, 25.456 



CuSO^ at 260'', 


CuSO^at36cP. 


c«. 


1.9597 


1.95637 


.77886 


1.8048 




.71740 


4.8064 


4.79826 


1.90973 



In the Htuu^nd aeries of analyses, which are stated with much detail, 
Mnvtmil rc^llnomonts were introduced, in order to estimate also the sul- 
phuric; acid. These will be considered later. The results, given below, 
iirt) munbored consecutively with the former series. 

CuSO^, S aq, 

4 . . 3.06006 

5 2.81840 

6 7.50490 

llonoe percentages as follows: 

Water, 260"". Water, sdo"". Cu in Cryst. Salt. Cuin CuSO ^,260''. Ditto, sdo? 

4 35.959 36.068 25.452 39.744 39.8ii 

5 35.964 25.454 39.750 

r» 35.957 36.065 25.446 39.733 39.799 

Mean, 35.960 36.067 25.450 39- 742 39.805 

I lnin])o worked with a sulphate dried at 250^, but these data show that 
II little water is retained at that temperature, and consequently that his 
I'nHultH must have been too low. The third of Richards' series resembles 
(hi* Hi'cond, but extra precautions were taken to avoid conceivable errors. 

CuSO^.saq. CuSO^at 260''. CuSO^at 370''. Cu, 

'/. 2.88307 .73380 

» 3.62913 2.32373 .92344 

y... 5.81352 3.71680 1.47926 
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I^n the pcrceniaircE are : 








(fflto- at 260" 


- At37o\ 


Cu ill Ciysl Sail. 


Cu in CuSO,. 


3S.970 




25.446 


39.740 (360°) 




36.067 


.25.445 


39-799 (370°) 



25.448 

In this series the determinations of sulphuric acid gave essentially tlie 
jne results for all three samples of sulphate, although one was not 
jhydrated. and the others were heated to 260° and 370° respectively. 
race the loss of weight in dehydration at either temperature represenls 
ftter only, and does not involve partial detrom position of the sulphate. 
etweeu 3tJ0° and 400° copper sulphate ia at essentially constant weight, 
at further experiments indicated that even at 400° it retained traces of 
ater, and possibly as much as .042 per cent. The last trace ia not ex- 
elled until the salt itself b^ins to decompose. 

Richards also effected two syntheses of the sulphate directly from the 
letAl by dissolving the latter in nitric acid, then evaporating to dryness 
-Hb sulphuric acid, and heating to constant weight at 400°. 

(L .67710 gixn. Cu cave 1.7011 grm, CiiSO,. 
we' 



39,786 ptr 
39.7S1 



^ve include th^e percentages in a series with the data from anal3-ses 
, ti. and 9, which gave percentages of 39.811, 39.799. and 39.799 respect- 
fely of copper in sulphate dried at 360° and upwards, the mean becomes 



CuSO, : Cu ; 



: 39'79S, ± .0036 



Since even this result ia presumably too low, the other figures from 
lulphate dried at 250° must be rejected. Since Hampe's work on the 
ralphate is affected by the same sources of error, and apparently to a 
itill greater extent, it need not he considered farther. As for Richards' 
nine determinations of Cu in C'uS0,.5H,0, we may take them as one 
aeries giring a mean percentage of 25.451, ± .<V)11. This salt seems to 
retain occluded water, for the percentage of copper in it leads to a value 
for the at<miic weight which is inconsistent with the best evidence, aa 
"ill be seen later. 

In the second and third series of Richards' experiments upon copper 
«ulpliale, the sulphuric acid was estimated by a method which gave 
valuable results. After the copper had been electrolytically precipitated, 
the acid which was set free was nearly neutndized by a weighed amount 
of pure sodium carbonate, and the slight excess remaining was deter- 
mined by titration. Thus the weight of sodium carbonate equivalent to 
the copper was ascertained. The resulting aolntion of sodium sulphate 
fas then evaporated to dryness, and a new ratio, connecting that salt 
ititfi copper, waa also determined. The cross ratio XaXO, : Na,SO, has 
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already been utilized in a previous chapter. . The results, ignoring tbe 
weights of h ydrated copper sulphate, are as follows, with the experiments 
numbered as before : 

4 77S86 1.2993 i.74«« 

6.... 1.90973 3.1862 4.2679 

7 73380 1.22427 1.63994 

8 92344 1.54075 

9 1.47926 3.30658 

Hence, 

Cii : Na^CO^ : : loo : x, Cui Na^SO^ : : /oo : x. 
166.824 223.549 

166.840 223.482 

166.840 223.538 

166.849 223.529 

Mean, 166.838, d= .0035 Mean, 223.525, db .0098 

In one more experiment the sulphuric acid was weighed as barium 
sulphate, the latter being corrected for occluded salts. 3.1902 gm. 
Cu.SO,..5H20 gave 2.9761 BaSO,; hence CuS0,.5H,0 : BaSO, : : 100: 
93.289. The sulphate contained 25.448 per cent, of Cu ; hence BaSO,: 
Cu : : 93.289 : 25.448. Still other ratios can be deduced from Richards' 
work on the sulphate, but in view of the uncertainties relative to the 
water in the salt they are hardly worth computing. 

In his third paper upon the atomic weight of copper,* Richards studied 
the dibromide, CuBrj. In preparing this salt he used hydrobroinic 
acid made from pure materials, and further purified by ten distillations. 
This was saturated with copper oxide prepared from pure electrolytic 
copper, and the solution obtained was proved to be free from basic salts. 
As the crystallized compound was not easily obtained in a satisfactory 
condition, weighed quantities of the solution were taken for analysis, in 
which, after expulsion of bromine by nitric and sulphuric acids, the 
copper was determined by electrolysis. In other portions of solution 
the bromine was precipitated by silver nitrate, and weighed as silver 
bromide. The first preliminary series of experiments gave the subjoined 
results, with vacuum weights as usual : 

In 25 Grammes of Solution. 

Cu. AgBr. 

.4164 24599 

.4164 2.4605 

.4164 2.4605 

.4165 2.4599 

Hence 2 AgBr : Cu : : 100 : 16.927, di .0013. 

* Proc. Amer. Acad., 25, 195. 1890. 
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The second, alao preliminary series, was made with more dilute solu- 
tions, and came out as follows: 

In 25 Grammes of Solution, 

Cu. AgBr, 

.26190 1.5478 

.26185 *.5477 

1-5479 

Hence 2 AgBr : Cu : : 100 : 16.919, ±l .0012. 

In the third series, two distinct lots of crystallized bromide were dis- 
solved, and the solutions examined in the same way. 



Cu, 
.2500 

•5473 


AgBr. 

1.4771 
3.2348 


Ratio, 

16.925 
16.919 



Mean, 16.922, dr .0020 

In the final set of analyses, the materials used were purified even more 
scrupulously than before, and the process was distinctly modified, as 
regards the determination of the bromine. The solution of the bromide 
was added to a solution of pure silver in nitric acid, not quite sufficient 
for complete precipitation. The slight excess of bromine was then 
determined by titration with a solution containing one gramme of silver 
to the litre. Thus silver proportional to the copper in the bromide was 
determined, and the silver bromide was weighed in a Gooch crucible as 
before. The results are subjoined : 





In 50 Grammes of Solution. 




Cu, 


Ag. 


AgBr. 


.54755 


1.8586 


3.2350 


.54750 


1.8579 


3- 2340 




1.8583 


3.2348 



Hence Cu : Ag, : : 100 : 339.392, ± .0108, and 2 AgBr : Cu : : 100 : 16.927, 
±.0012. 

The latter ratio, combined with the results of the three preceding series, 
gives a general mean of : 

2 AgBr : Cu : : 100 : 16.924, db .0007 

In his two earlier papers * Richards determined the copper-silver ratio 
directly — that is, without the weighing of any compound of either metal. 
By placing pure copper in an ice-cold solution of silver nitrate, metallic 
silrer is thrown down, and the weights of the two metals were in equiv- 

♦Proc. Amcr. Acad., 22, 346, and 23, 177. 1886 and 18S7. 
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alent propottions. In the first paper the following results were obtained. 
The third column gives the value of x in the ratio Cu : Ag, : : 100 : i. 



Cu Taken. 


Ag Found. 


Ratio. 


.53875 


1.8292 


339.527 


.56190 


1.9076 


339.49* 


1.00220 


3.4016 


339.414 


1. 30135 


4.4173 


339.440 


.99S70 


339035 


339.477 


1.02050 


3.4646 


339500 




Mean, 339.475, 



.0114 



In the second paper Richards states that the silver of the fifth experi- 
ment, which had been dried at 150®, as were also the others, still retained 
water, to the extent of four-tenths milligramme in two grammes. If we 
assume this correction to be fairly uniform, as the concordance of the 
series indicates, and apply it throughout, the mean value for the ratio 
then becomes 339.408, zt .0114. This procedure, however, leaves the 
ratio in some uncertainty, and accordingly some new determinations 
were made, in which the silver, collected in a Gooch crucible, was heated 
to incipient redness before final weighing. Copper from two distinct 
sources was taken, and three exj>eriments were carried out upon one 
sample to two with the other. Treating both sets as one series, the 
results were as follows : 



Cu Taken. 


Af[ found. 


Ratio. 


.75760 


2.5713 


339.40 


.95040 


3.2256 


339-39 


.75993 


2.5794 


339.42 


1.02060 


3.4640 


339.42 


.90460 


3.0701 


339.39 




Mean, 339.404, 



i .0046 



a value practically identical with the corrected mean of the previous 
determinKtions, and with that found in the later experiments upon 
copper bromide. 

In various electrical investigations the same ratio, the electrochemical 
equivalent of copper, has been repeatedly measured, and the later results 
of Lord Rayleigh and Mrs. Sidgewick,* Gray,t Shaw, J and Vanni § may 
properly be included in this discussion. As the data are somewhat dif- 
ferently stated, I have reduced them all to the common standard adopted 
above. Gray gives two sets of measurements, one made with large and 
the other with small metallic plates : 



• Phil. Trans.. 175, 458. 

t Phil. Mag. (5), 22, 389. 

J British Ajwoc. Report, 1886. Abstract in Phil. Mag. (5), 23, 138. 

\ Ann. der Phys. (Wiedemann's) (2), 44, 214. 
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Rayleigh and S. Gray /. Gray 2, Shaiv, Vanni. 

340.483 341.297 340.252 339-68 340.483 

340.832 341.413 339.674 340.05 340.600 

340.367 340.815 340.020 339.84 340.367 

340.252 339.905. 339.7 i 340.252 

340.561, 339905 339.674 340.04 340.600 

^ .0935 341.064 339328 339.94 340.136 

340.832 340.136 340.35 

341.297 340.136 339.82 340.406, 

341.064 340.136 340.09 ±.0520 

341.413 340.020 339.84 

340.020 339.90 

340.935, 340.136 339.98 

±.1072 340.14 

339.953, 340.56 

rh .0521 339.82 



339.983, 
dr .0411 



le lack of sharp concordance in these data and the consequently 
probable errors seem to indicate a distinct superiority of the purely 
lical method of determination over that adopted by the physicist, 
eight distinct series now combine as follows : 

Richards, first series corrected 339.408, rb .0114 

Richards, second series ... 339.404, dt .0046 

Richards, CuBr^ series 339-392, di .0108 

Rayleigh and Sidgewick 340.561, ±i .0935 

Gray, with large plates 340.935, ti= . 1072 

Gray, with small plates. . ; 339-953, ± .0521 

Shaw 339-983, ± 0411 

Vanni 340.406, ± .0520 

General mean 339.41 ', ± .0039 

we combine Richards' three series into a general mean separately, 
jet 339.402, ± .0040. Hence the other determinations, having high 
)able errors, practically vanish from the result, and it is a matter of 
ffereiice whether they are retained or rejected. 

''e now have the following ratios from which to compute the atomic 
;ht of copper : 

(i.) Percentage of Cu in CuO 79-8355, zb .0010 

(2.) ** of Cu in CuSO^ 39795, =b 0036 

(3.) " of Cu in CuSO^, 5HjO. . 25.451, ± .ooit 

(4.) *' of CuO in CuSO^ 49.8x6, =b .0017 

(5.) Cu : Na,COj : : 100 : 166.838, dz .0035 
(6.) Cu : NajSO^ : : 100 : 223.525, db .0098 
(7.) BaSO^ : Cu : : 93.289 : 25.448. 
(8.) 2AgBr : Cu : : 100 : 16.924, ±: .0007 
(9.) Cu : Ag, : : 100 : 339.411, ± .0039 
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Reducing these ratios with the subjoined data : 

O = 15.879, dz .0003 Na = 22.881, db .0046 

Ag = 107. 108, zb .0031 Ba = 136.392, zfc .0086 

S = 31.828, ± .0015 AgBr = 186.452, db .0054 
C =: 11.920, lb .0004 

We have nine values for the atomic weight of copper. Since ratio (7) 
depends upon one experiment only, it is necessary to assign the value 
derived from it arbitrary weight. This will be taken as indicated by a 
probable error double that of the next highest, obtained from ratio (2). 
The values then are as follows : 



From (I 
From (2 
From (3 
From (4 
From (5 
From (6 
From (7 
From (8 
From (9 



Cu = 62.869, ± .0034 
= 63.022, rb .0070 
= 63.070, dz .0030 

= 63.003, ± .0042 
= 63.127, db .0051 

= 63.128, rb .0050 
= 63.215, ±.0140 
= 63.110, ±.0032 
==63.114, Hr .0020 



ti 
(i 
ti 
it 
<( 
(t 



General mean Cu =r 63.070, db .0012 

If O = 16, Cu = 63.550. If we include Hampers analyses of copper 
sulphate, which gave Cu = 62.839, ± .0035, the general mean becomes 
Cu=: 63.046, ±.0011. 

The foregoing means, however, are significant only as showing the 
effect and weight of the older data upon the newer determinations of 
Richards. The seventh of the individual values is also interesting, for 
the reason that the experiment upon which it depends was published by 
Richards previous to his investigation of the atomic weight of barium. 
With the old value for Ba, 137, it gives a value for copper in close agree- 
ment with Richards' other determinations. With the new value for 
barium it becomes discordant, although its weight is so low that it i>ro- 
duces no appreciable effect upon the final mean. 

Rejecting values 1 to 4, inclusive, the remaining five values give a gen- 
eral mean of 

Cu = 63.119, ± .0015. 

If = 16, this becomes 63 600, and in the light of all the evidence 
these figures are to be preferred. If, again, we combine with this mean 
the results of Richards' work on the oxide and sulphate of copper, the 
final value becomes 

Cu = 63.108, zb .0013, 

and with O = 16, 63.589. This departs but little from the previous mean 
value, but it includes data which render it, in all probability, a trifle too 
low. The value Cu = 63.119 will be regarded as the best. 



GOLD. 101 



GOLD. 

Among the early estimates of the atomic weight of gold the only ones 
worthy of consideration are those of Berzelius and Levol. 

The earliest method adopted by Berzelius* was that of precipitating 
a solution of gold chloride by means of a weighed quantity of metallic 
mercury. The weight of gold thus thrown down gave the ratio between 
the atomic weights of the two metals. In the single experiment which 
Berzelius publishes, 142.9 parts of Hg precipitated 93.55 of Au. Hence 
ifHg = 200, Au = 196.397. 

In a later investigation t Berzelius resorted to the analysis of potassio- 
auric chloride, 2KCl.AuClj. Weighed quantities of this salt were ignited 
in hydrogen ; the resulting gold and potassium chloride were separated 
by means of water, and both were collected and estimated. The loss of 
height upon ignition was, of course, chlorine. As the salt could not be 
perfectly dried without loss of chlorine, the atomic weight under inves- 
tifration must be determined by the ratio between the KCl and the Au. 
If we reduce to a common standard, and compare with 100 parts of KCl, 
the equivalent amounts of gold will be those whicli I give in the last of 
the subjoined columns: 

4.I44S gnn. KjAiiClj gave .8185 grm. K^Cl and 2.159 g*""^' A"* 263.77$ 

2.2495 ** .44425 '* 1. 172 '* 263.815 

5 1300 *' I-OI375 ** 2.67225 '* 263.600 

3.4130 ** .674 " >-77725 " 263.687 

4.19975 ** .8295 •' 2.188 ** 263.773 



Mean, 263.730, db .026 

Still a third series of experiments by Berzelius J may be included 
here. In order to establish the atomic weight of phosphorus he em- 
ployed that substance to precipitate gold from a solution of gold chloride 
in excess. Between the weight of phosphorus taken and the weight of 
gold obtained it was easy to fix a ratio. Since the atomic weight of 
phosphorus has been better established by other methods, we may 
properly reverse this ratio and apply it to our discussion of gold. 100 
parte of P precipitate the quantities of Au given in the tliird column : 

.829 grm. P precipitated 8.714 grm. Au. 1051.15 

.754 ** 7.930 '* 1051.73 



Mean, 1051.44, zh .196 



Hence if P = 31, Au = 195.568. 



• Poggend. Annalen, 8, 177. 
tLchrbuch, 5 Aufl., 3, 1212, 
tLehrbuch, 5 Aufl., 3, 1188. 
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LevoPs* estimation of the atomic weight under consideration can 
hardly have much value. A weighed quantity of gold was converted 
in a flask into AuClj. This was reduced by a stream of sulphur dioxide, 
and the resulting sulphuric acid was determined as BaSO^. One gramme 
of gold gave 1.782 grm. BaSO,. Hence Au = 195.06. 

All these values may be neglected as worthless, except that derived 
from Berzelius' KjAuClj series. 

In 1886 Kriiss t published the first of the recent determinations of the 
atomic weight under consideration, several distinct methods being re- 
corded. First, in a solution of pure auric chloride the gold was pre- 
cipitated by means of aqueous sulphurous acid. In the filtrate from the 
gold the chlorine was thrown down as silver chloride, and thus the ratio 
Au : 3 AgCl was measured. I subjoin Kriiss' weights, together with a 
third column giving the gold equivalent to 100 parts of silver chloride: 

Au. AgCl- Ratio, 

7.72076 16.84737 45.828 

5.68290 12.40425 45*814 

3.24773 7.08667 45.828 

4.49167 980475 45-81 1 

3.47949 7.59300 45.825 

3.26836 ^ 7 13132 45.832 

5.16181 11.26524 45.821 

4.86044 10.60431 45.834 

Mean, 45.824, dr .0020 

The remainder of Kfiiss' determinations were made with potassium 
auribromide, KAuBr^, and with this salt several ratios were measured. 
The salt was prepared from pure materials, repeatedly recrystallized 
under precautions to exclude access of atmospheric dust, and dried over 
phosphorus pentoxide. First, its percentage of gold was determined, 
sometimes by reduction with sulphurous acid, sometimes by heating in 
a stream of hydrogen. For this ratio, the weights and percentages are 
as follows, the experiments being numbered for further reference, and the 
reducing agent being indicated. 

KA uBr^. Au, Per cent, 

1. .SO, 10.64821 3.77753 35476 

2. sOj 4.71974 1.67330 35.453 

3. H 705762 2.50122 35.440 

4. H 4.49558 1.59434 35.465 

5. SO2 8. 72302 3.09448 35.475 

6. SO2 7.66932 2.71860 35.448 

7. ^O, 7.15498 2.53695 35.457 

8. H 12.26334 4-34997 35.47' 

9. II 7.10342 2.51919 35.465 

Mean, 35.461, rt .0028 

* Ann. Chim. Phys. (3), 30, 355. 1850. 

t Untersuchungen Qber das Atomgewicht dcs Goldes. MQnchen, 18S6. 112 pp., 8vo. 



6.37952 


381.254 


11.78993 


380.999 


I0.35902 


381.042 


9.66117 


380.731 
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In five of the foregoing experiments the reductions were eflfected with 
mlphurous acid ; and in these, after filtering off the gold, the bromine 
was thrown down and weighed as silver bromide. This, in comparison 
with the gold, gives the ratio Au : 4AgBr : : 100 : x, 

Au, 4AgBr. Ratio. 

1 3.77753 14.39542 381.080 

2 1.67330 

5 3.09448 

6 2.71860 

7 2.53695 

Mean, 381.021, zb .057 

Hence Au : AgBr : : 100 : 95.255, dz .0142. 

In the remaining experiments, Nos. 3, 4, 8, and 9, the KAuBr^ was 
reduced in ai stream of hydrogen, the loss of weight, Brg, being noted. 
In the residue the gold was determined, as noted above, and the KBr 
was also collected and weighed. The weights were as follows : 

i Au. 

3 2.50122 

4 1.59434 

8 4.34997 

9 2.51919 

From these data we obtain two more ratios, viz., Au : Brj : : 100 : x, 
and Au : KBr : : 100 : x, thus : 

Au : Br^. Au : KBr. 

3 121. 710 60.405 

4 121. 641 60.365 

8 121.683 60.391 

9 121.680 60.398 



,oss^ Br^. 


KBr. 


3.04422 


1.51090 


1.93937 


.96243 


5.29316 


2.62700 


3.06534 


1.52153 



Mean, 121.678, rb .0100 Mean, 60.390, ifc .0059 

From all the ratios, taken together, Kriiss deduces a final value of 
Au= 197.13, if = 16. It is obviously possible to derive still other 
ratios from the results given, but to do so would be to depart unneces- 
sarily from the Author's methods as stated by himself 

Thorpe and Laurie, * whose work appeared shortly after that of Kriiss, 
also made use of the salt KAuBr^, but, on account of difficulty in drying 
it without change, they did not weigh it directly. After proving the con- 
stancy in it of the ratio Au : KBr, even after repeated crystallizations, 
they adopted the following method : The unweighed salt was heated 
^ith gradual increase of temperature, up to about 160°, for several hours, 
iind afterwards more strongly over a small Bunsen flame. This was done 
in a porcelain crucible, tared by another in weighing, which latter was 
treated in precisely the same way. The residue, KBr + A u, was weighed , 
the KBr dissolved out, and the gold then weighed separately. The 

• Journ. Chera. Soc., 51, 565. 1887. 
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weight of KBr was taken by difference. The ratio Au: KBr: :10( 
appears in a third column. 

/In. KBr. Ratio. 

6.19001 373440 60.329 

4.7^957 2.87715 60.32^ 

4-14050 2.49822 60.336 

3.60344 2.17440 60.342 

3-67963 2.21978 60.326 

4.57757 2.76195 60.337 

5-36659 3-23821 60.326 

5-16406 3. "533 60.327 

Mean, 60.331, dr .0016 

This mean combines with Kriiss' thus : 

Krttss 60.390, ± .0059 

Thorpe and Laurie 60.331, ^ .0016 

General mean 60.338, i .0015 

The potassium bromide of the previous experiments was next titra 
with a solution of pure silver by Stas' method, the operation be 
performed in red lijn;ht. Thus we get the following data for the n 
Ag : Au : : 100 : x, using the weights of gold already obtained : 

Ag. Au. Ratio. 

3. 3845 » 6. 1 9001 182.893 

2.60896 4.76957 182.813 

2.28830 4.18266 182.786 

2.264.15 4.14050 182.868 

1. 97147 3.60344 182.775 

2.01292 3.67963 182.801 

2.50334 4.57757 182.863 

2.93608 5.36659 182.780 

2.82401 5.16406 182.865 

Mean, 182.827, rb .0101 

Finally, in eight of these experiments, the silver bromide forii 
during titration was collected and weighed, giving values for the ra 
Au : AgBr : : 100 : x, as follows : 

Au, AgBr. Ratio, 

6.19001 5.89199 95.186 

4.76957 4.54261 95-242 

4.18266 3.98288 95.224 

4.14050 3-94309 95-232 

3.60344 3-43015 95.»9< 

3.67963 3.50207 95.175 

4.57757 4-35736 95189 

5.36659 5-"045 95.227 

Mean, 95.208, ± .0061 
Kriiss found, 95.255, ±: .0142 

General mean, 95.222, rb .0056 
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he second and third of the ratios measured by Thorpe and 
I independent value for the ratio Ag : Br may be computed. It 
100: 74.072, which agrees closely with the determinations made 
^d Marignac. Similarly, the ratios Ag : KBr and AgBr : KBr 
Ntlciilated, giving additional checks upon the accuracy of the 
Hion, though not upon the purity of the original material 

[und Laurie suggest objections to the work done by Kriiss, on 
id that the salt KAuBr, cannot he completely dried without 
amiue. This suggestion led to a controversy between thein and 
lich in effect was briefly as follows : 

Irfisa* urges that the potassium auribromide ordinarily contains 
free gold, not belonging to the salt, produced by the reducing 
dU3t particles taken up from the air. He applies a correction 
apposed free gold to the determinations made by Thorpe and 
id thus brings their results into harmony with his own. To 
ment Thorpe and Laurief reply, somewhat in detail, Btating 
error indicated was guarded against by them, and that they 
Ived quantities of from eight to nineteen grammes of the auri- 
)rtthout a trace of free gold becoming visible. A final note in 
" hia own work was published by Kriiss a little later. J: 
Ian elaborate set of determinations of this constant was pub- 
MaJlet.§ whose experiments are classifieil into seven distinct 
brt, a neutral solution of auric chloride was prepared, which 
led off in two approximately equal portions. In one of these 
fvas precipitated by pure sulphurous acid, collected, washed, 
iteti in a Sprengel vacuum, and weighed. To the second por- 
[ution contiiining a known weight of pure silver was added, 
ping, with all due precautions, the silver remaining in the fil- 
determined by titration with a weighed solution of pure hydro- 
id. We have thus a weight of gold, and the weight of silver 
Wecipitate the three atoms of chlorine combined with it ; in 
it, the ratio Agj : Au : : 100 ; x. All weights in this and the 
K series are reduced to vacuum standards, and all weighings 
9 against corresponding tares. 



Au. 






^g>- 


Ratio. 


1 7.6075 






12.4^7 5 


60.9ZI 


i 8.4a" 






13.SJ80 


60,900 


v^^wr 






"■3973 


60.898 


|.3.3«« 






5.5286 


6^.9*3 


W a-8«44 

1 






4.6J7' 


60,909 
Mean, 60.9:0, ± .0034 


b:Au; 


100 


1.S2. 


-30, ± .0102. 
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In Mallet's fourth series a radically new method was employed. Tri- 
methyl-ammonium aurichloride, N(CH3)jHAuCl^, was decomposed by 
heat, and the residual gold was determined. In order to avoid loss by 
spattering, the salt was heated in a crucible under a layer of fine siliceous 
sand of known weight. Several crops of crystals of the salt were studied, 
as a check against impurities, but all gave concordant values. 



Salt. 


Residual Au, 


Percent. Au. 


14.9072 


7-3754 


49.475 


»5-5263 


7.6831 


49.484 


10.4523 


S.1712 


49.474 


6.5912 


3.2603 


49.464 


5-5744 


2-7579 


49.474 



Mean, 49.474i ± .0021 

In his sixth and seventh series Mallet seeks to establish, by direct 
measurement, the ratio between hydrogen and gold. In their experi- 
luental details his methods are somewhat elaborate, and only the pro- 
cesses, in the most general way, can be indicated here. First, gold was 
precipitated electrolytically from a solution of potassium aurocyanide, 
and its weight was compared with that of the amount of hydrogen simul- 
taneously liberated in a voltameter by the same current in the same 
time. The hydrogen was measured, and its weight was then computed 
from its density. The volumes are given, of course, at 0° and 760 mm. 

WL Au. Vol. H, cc, IVt. H. 

4.0472 228.64 .0205483 

4.0226 227.03 .0204046 

4.0955 231.55 .0208103 

These data, with the weight of one litre of hydrogen taken as 0.89872 
gramme, give the subjoined values in the ratio H : Au : : 1 : x. 

196.960 

197.151 
196.805 



Mean, 196.972, i .0675 

In the last series of experiments a known quantity of metallic zinc was 
dissolved in dilute sulphuric acid, and the amount of hydrogen evolveil 
was measured. Then a solution of pure auric chloride or bromide wa.s 
treated with a definite weight of the .same zinc, and the quantity of gold 
thrown down was determined. The zinc itself was purified by practical 
distillation in a Sprengel vacuum. From these data the ratio H3 : Au 
was computed by direct comparison of the weight of gold and that of the 
liberated hydrogen. The results were as follows : 
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m. Au. Vol, H, cc. m. //. 

10.3512 1756.10 .157824 

8.2525 1400.38 .125857 

8.1004 1374.87 .123565 

3.2913 558.64 .050206 

34835 590.93 .053109 

3-6421 618. 1 1 .05555" 

Hence for the ratio H3 : Au : : 1 : a; we have : 

65.587 
65571 
65-557 
65-556 
65 -593 
65-563 

Mean, 65.571, ±.00436 

And H : Au : : 1 : 196.713, ih .0131. This, combined with the va 
found in the preceding series, gives a general mean of 196.722, ± .01 
The ratios available for gold are now as follows : 

(l.) 2KCI : Au : : 100 : 263.730, d= .026 

(2.) 3AgCl : Au : : 100 : 45.824, dr .0020 

(3.) KAuBr^ : Au : : 100 : 35.461, dr .0028 

(4.) Au : AgBr : : lOO : 95.222, ±: .0056 

(5.) Au : Br, : : 100 : 121.678, ifc .0100 

(6.) Au : KBr : : 100 : 60.338, dr 0015 

(7.) Ag : Au : : 100 : 182.778, zb 0055 

(8.) NCjHjoAuCl^ : Au : : 100 : 49.474, dr .0021 

(9.) H : Au : : I : 196.722, ±z .0129 

For the reduction of these ratios the antecedent data are : 
Ag= 107.108, ±: .0031 c = 11.920, =b .0004 

Cl = 35.179, ± -0048 AgCl = 142.287, dr .0037 

Br = 79.344, d= .0062 AgBr= 186.452, dz .0054 

K = 38.817, dr. 005 1 KCl = 74.025, dr .0019 

N = 13.935, ± .0021 KBr = 118.200, d: .0073 

Hence for the atomic weight of gold we have nine values : 

From (i) Au = 195.226, d= .0193 

From (2) ** = 195.605, d= .0099 

From (3) "= 195.71 1, dz .0224 

From (4) '* = 195.808, dz .0126 

From (5) ** = 195.624, dz .0222 

F>om (6) •* = 195.896, dz .0131 

From (7) " = 195.770, dz .0082 

From (8) ** = 196.238, dz .0224 

From (9) ** = 196.722, dz .0129 

General mean Au = 195.850, dz .0044 

If = 16, this becomes Au = 197.342. 
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f the foregoing values the first one, which is derived from Berzelius' 
k, should certainly be rejected. So also, apparently, should the eighth 
ninth values. Excluding these, values 2 to 7, inclusive, give a gen- 
mean of Au = 195.743. ± .0049. With O = 16, this becomes Au = 
.235. Probably these values are more nearly correct than those which 
lude all the determinations. 

lie ninth value in the list given above represents Mallet's comparisons 
l^old directly with hydrogen, and is peculiarly instructive. In Mal- 
s paper the other determinations are discussed upon the basis of 
= 15.96, which brings them more nearly into harmony with the hydro- 
\ series. The great divergence shown in this recalculation is due to 
i new value for oxygen, 15.879, and its effect upon the atomic weights 
silver, bromine, etc. The former agreement between the several series 
gold values was therefore only apparent, and we are now able to see 
It concordance among determinations may be only coincidence, and 
proof of accuracy. It is probable, furthermore, that direct compari- 
iis of metals with hydrogen cannot give good measurements of atomic 
'ights, for several reasons. First, it is not possible to be certain that 
ery trace of hydrogen has been collected and measured, and any loss 
ids to raise the apparent atomic weight of the metal studied ; secondly, 
e weight of the hydrogen is computed from its volume, and a slight 
ange in the factors used in reduction of the observations may make a 
nsiderable difference in the final result. These uncertainties exist in 
i detorniinations of atomic weights hitherto made by the hydrogen 
ethod. 



no 
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CALCIUM. 

For determining the atomic weight of calcium we have sets of experi- 
ments by Berzelius, Erdmann and Marchand, and Dumas. Salv^tat* 
also has published an estimation, but without the details necessary to 
enable us to make use of his results. I also find a reference f to some 
work of Marignac, which, however, seems to have been of but little inn: 
portance. The earlier work of Berzelius was very inexact as r^ards 
calcium, and it is not until we come down to the vear 1824 that we find 
any material of decided value. 

The most important factor in our present discussion is the composi- 
tion of calcium carbonate, as worked out by Dumas and by Erdmann 
and Marchand. 

In 1842 Dumas J made three ignitions of Iceland spar, and determined 
the percentages of carbon dioxide driven off and of lime remaining. The 
impurities of the material were also determined, the correction for them 
applied, and the weighings reduced to a vacuum standard. The per- 
centage of lime came out tis follows : 

56.12 

56.04 
56.06 



Mean, 56.073, dr .016 

About this same time Erdmann and Marchand § began their researches 
upon the same subject. Two ignitions of spar, containing .04 per cent 
of impurity, giwe respectively 56.09 and 56.18 per cent, of residue; but 
these rosultji are not exact enough for us to consider further. Four other 
results obtiiined with artiticial calcium carbonate are more noteworthy. 
The carbonate was precipitateil from a solution of pure calcium chloride 
bv ammonium carbonate, was wasluxl thorouijhlv with hot water, and 
drieil at a temperature of 180°. With this preparation the following 
residues of lime were obtainevl : 

56.03 

56.00 



Mean, 56.00, rb .007 

It was subse pienrly shown by IVrzelius that calcium carbonate pre- 
pareii by this methtxl retains traces of water even at 200**, and that 



♦ S*« OuJ^rnvam** monograph, pv. 51. 

JCompt. Rcml.. J4. ,V. i^;. 

^ Jottm. fi\r Fntkt. Chcm.. jc^ 4'j. r$4». 
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qtum titles of chloride are also held by it. These sources of error 
(vever, in opposite directions, since one would tend to diminish 
? other to increase the weight of residue. 

le same paper there are also two direct estimations of carbonic 
pure Iceland spar, which correspond to the following percentages 



^ 



56.00 
Menn, 56.01, ± .007 



still later paper * the same investigators give another series of 
based upon the ignition of Iceland spar. The impurities were 
1^ estimated, and the percentages of lime are suitably corrected : 



4.ai34gmi 


CaCO 


Rave 


a.3S94g™.CaO. 


55-997 per 


>5.'3S5 






8.4810 ■■ 


s6.oa2 


a3-5503 






I3.'9SS " 


S6-03I ■ 


*3-639o . 






(3.a4S& 


56.031 ■ 


4a.o29S 






^3-5533 


56.044 


49,7007 






27-8336 " 


56.042 



Mean, 56.028, it .0047 

years later Erdmann and Marchandf published one more result 
■he ignition of calcium carbonate. They found that the compound 
giving off carbon dioxide below the temperature at which their 
us samples had been dried, or about 200°. and that, on the other 
trac^ of the dioxide were retained by the lime after ignition. 
two errors do not compensate each other, since both tend to raise 
rcentage of lime. In the one experiment now under considerntion 
srrors were accurately estimated, and the needful corrections were 
d to the final result. The percentage of residual lime in this case 
oat 55.998. This agrees tolerably well with the figures found in the 
estimation of carbonicacid, and, if combined with those two, gives 
n for all three of 56.006, ± .0043. 
ibining all these series, we get the following result : 






Dnmu 56.073, ± .016 

Erdmann nnd Marehand 56.006, ± ,007 

Erdmann and Marchand 56.018, ± .0047 

Erdmann and Marchand , 56,006, ± .0043 



General a 



. 56.0198, 3: .0029 



reasons given above, this mean is probably vitiated by a slight 
nt error, which makes the figure a tri0e too high. 
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In the earliest-of the three ]ja.pers by Erdinann and Marchand Ibewiir 
also given a series of du terminations of the ratio between calcium ai- 
bonate and sulphate. Pure Iceland epar was carefully convorteU 
calcium eulpbate, and the gain in weight noted. One hundre'l parMof 
spar gave of sulphate : 

136-07 



m, 136.Q525, ± .oo-jx 

In 1843 the atomic weight of calcium was redetermined by Berzclins, 
who investigatetl the ratio between lime and calcium suiphule. ITw 
calcium was first precipitated from a pnre solution of nitrate by mwM 
of ammonium carbonate, and tlie thoroughly washed preeipttat« if«* 
dried and strongly ignited in order to obtain lime wholly free from 
traneous matter. This lime was then, with suitable precautions, treatwl 
with sulphuric acid, and the resulting sulphate was weighed. Correctinn 
was applied for the trace of solid impurity contained in the acid, but net 
for the weighing in air. The figures in the last column represent the 
percentage of weight gained by the lime upon conversion into sulphate; 

1.80425 erm. CaO gnineii 2.56735 Erm. 142-293 

2.504CO " 3-57050 " "42-59* 

3.90000 ■■ 5.5ST40 - 141.343 

3.04150 " 4-32650 ■■ 142.202 

3.45900 " 4.W40 ■■ "42-567 

Mean, 142.3998, i:.o5l8 

Last uf all we have the ratio between calcium chloride and silver, u 
deternjined by Dumas, t Pure calcium chloride was first ignited iai 
stream of (Jry hydrochloric acid, and the solution of Uiis salt was afta- 
wards titrated with a silver solution in the usual way. The CaCl, pro- 
portional to 100 parts of Ag is given in a third column : 

2.738erm.CaCI, =.5,309 gnn. Ag. 51.573 

2.436 " 4-73' '■ Sl-490 

1.859 " 3-617 " 51-396 

2.77' " 5-3St<5 " 5'.4Z4 

2.240 " 4.3585 " 51.394 

Meon, 51.4554, ±.0230 

We have now four ratios to compute from, as follows : 
(I.) Percentage CaO in C'aCOj. 56.0198, tt .0029 
(2.) CaO ! SO, : : 100 : 142.3998, ± -OS'S 
(3.) CaCO, : C«50, : : too : I36.0525, ± .007I 
(4-) Ag, : CaCl, : : 100 : 51.4554, ±: .0230 



Phys- (Jl, SS. "9- i8»- 
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The antecedent values are — 

O = 15.879, ±. .0003 C= 11.920, ± .0004 

Ag = 107.108, ± .0031 S =31.828, ± .0015 

ci = 35.179,^.0048 

Hence the subjoined values for the atomic weight of calcium : 

From (I) Ca = 39.757. ± .0048 

From (2) ** = 39.925, ± .0203 

From (3) ** = 39.706, ifc .0204 

From (4) ; " = 39.868, ± .0503 

Mean Ca = 39.764, ± .0045 

If O = 16, Ca = 40.067. 



STRONTIUM. 

The ratios which fix the atomic weight of strontium resemble in gen- 
eral terms those relating to barium, only they are fewer in number and 
represent a smaller amount of work. The early experiments of Stro- 
ineyer,* who measured the volume of CO^ evolved from a known weight 
of strontium carbonate, are hardly available for the present discussion. 
So also we may exclude the determination by Salv^tat,t who neglected 
to publish sufficient details. 

Taking the ratio between strontium chloride and silver first in order, 
we have series of figures by Pelouze and by Dumas. Pelouze J employed 
the volumetric method to be described under barium, and in two ex- 
periments obtained the subjoined results. In another column I append 
tbe ratio between SrCl, and 100 parts of silver : 

1.480 grm. SrCIj = 2.014 grm. Ag. 73.486 

2.210 ** 3.008 " 73.471 



Mean, 73.4781, zb .0050 

Dumas, § by the same general method, made sets of experiments with 
three samples of chloride which had previously been fused in a current 
of dry hydrochloric acid. His results, expressed in the usual way, are 
as follows : 



♦ Schweigg. Journ., 19, 228. 1816. 

t CoiApt. Rend., 17, 318 1843. 

tCompt. Rend., 20, 1047. 1845. 

I Ann. Chim. Phys. (3), 55, 29. 1859. Ann Chem. Phzrm., 113, 34. 

8 
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Series A. 

3. 137 IT™- SrO, = 4.280 grm. Ag. Ratio. 73-2944 

1.983 " 2.705 ** " 73-2717 

3.041 " 4.142 '* " 73.4186 

3.099 " 4.219 ^ " ** 73.4534 

Mean, 73-3595 
Series B, 

3.356 grm. SrCl, = 4.574 grm. Ag. Ratio, 73-3713 

6.3645 " 8.667 " " 73-4327 

7. 131 *' 9.712 ** " 73.4246 

Mean, 73.4095 
Series C, 

7. at J grm, SrCI, = 9.81 1 grm. Ag. Ratio, 735195 

ii.JOO «« 3.006 ** " 733866 

4.JfVvS " 5.816 ** " 73.5529 

4.0IS - 5.477 ** " 73.3613 

Mean, 73-4551 
Mean of all as one series, 73.4079, + .0170 

i\\iuUiuiu)i tluvio diitH WO have: 

)VKm>« 73-4781, ±: .0050 

MM\^^\a\' 73-4079. :t 0170 

l^*<NW**i Wl««ll 73.4725, dr .0048 

11^^ ^M\^\vuv^ fV^ur^;^ *rply ^^ Ai\hrdiv>us stioDtium chloride. 
\\^Unv \h^\\^vu *Uwr au\i iho orx^tAlltftxi ^alk SiCU-6H,0, has also b 
vU'^^M'^^u^^^sl ux U\A^ sx^rioci \\?V\iHMritwiHil!? by Marignac* Five grami 
>M »j^U XX vw xmsi xu w^v^ ^t!tu:ua\ixM>. a^Ki, in ihe second series, the ] 
nN'^XK^v \M' \^nAU^^ ^5!Wt 6r!^l \i«^'^?t\xi:v^^. The quantities of the salt co 
i^JsxxxhUx^ K^ \xV^ >vAn!!t \^' ?!5ixX>Nr a^^ ^xvo in ihe last column : 



Sr'*?*,^- .-1. 



v^***. :^v\ ^^^^x"' 4xSi-5^!r«i A^. 1*5-4" 

4 xV^ ' 1*5-472 

^xNTxN; 155-442 



155-M^ 

« xN^v- Kr5.,i;^ 
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le same paper Marignac gives two sets of determinations of the 
tage of water in crystallized strontium chloride. The first set, cor- 
ding to '* B '' above, is as follows : 

40.556 
40.568 
40.566 



Mean, 40.563 

le second set ten grammes of salt were taken at a time, and the 
ng percentages were found : 

40.58 

40.59 
40.58 



Mean, 40.583 
Mean of all as one series, 40.573, zb -0033 

chloride used in the series of estimations last given was subse- 
y employed for ascertaining the ratio between it and the sulphate, 
•ted directly into sulphate, 100 parts of chloride yield the quanti- 
ren in the third column : 

5.942 grm. SrClj gave 6.887 g"^. SrSO^. 115.932 

5.941 «* 6.8855 " "5.949 

5.942 " 6.884 *' 115.927 

Mean, 115.936, zfc .004 

lards.* in his study of strontium bromide, followed pretty much 
nes laid down in his work on barium. The properties of the 
de itself were carefully investigated, and its purity established 
d reasonable doubt, arid then the two usual ratios were deter- 
. First, the ratio Ag^ : StBt^ : : 100 : a:, by titration with standard 
)ns of silver. For this ratio there are three series of measurements, 
led processes, concerning wliich full details are given. The data 
ed, with weights reduced to a vacuum, are as follows : 

First Series. 

m, Asr. IVt. SrBr^, Ratio. 

1.30755 1.49962 114.689 

2.10351 2.41225 114.677 

2.23357 2.56153 114.683 

5.3684 6.15663 114.683 



Mean, 114.683 



• Proc. Amer. Acad, of Sciences, 1894, p. 369. 
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1.30762 
2.10322 

4.57502 
5.3680 



Second Series. 

IVL SrBr^. 

1.49962 
2.41225 
5.24727 
6.15663 



Ratio, 

1 14- 683 
1 14.693 
114.694 
114. 691 







Mean, 


114.690 




Third Series. 






•^5434 


2.9172 




114.697 


3.3957 


3.8946 




114.692 


3.9607 


4.5426 




114.692 


4.5750 


. 5.2473 




114.695 



Mean, 114.694 
Mean of all as one series, 114.689, db .0012 

For the ratio, measured gravimetrically, 2AgBr : SrBr, : : 100 : x, t 
series of determinations are given : 



m. AgBr, 

2.4415 
2.8561 

6.9337 



First Series. 

IVL SrBr^ 

1.6086 
1. 8817 
4.5681 



Ratio, 
65.886 
65.884 
65.883 







Mean, 65.884 


_ 


Second Series, 




2.27625 


1.49962 


65.881 


3.66140 


2.41225 


65.883 


3.88776 


2.56153 


65.887 


9.34497 


6.15663 


65.882 



Mean, 65.883 
Mean of all as one series, 65.2S84, d= .0006 

For the atomic weight of strontium we now have the subjoined rat 

(I.) Ag, : SrCl, : : 100 : 73.4725, =fc .0048 

(2.) Ag, : SrCl,.6HjO : : 100 : 123.460, ± .0082 

(3.) Per cent. H,0 in SrCI,.6H,0, 40.573, i .o<^33 

(4.) SrCI, : SrS04 : : 100 : 1 15.936, ± .0040 

(5.) Agj : SrBr, : : 100 : 1 14.689, ± .0012 

(6.) 2AgBr : SrBr, : : loO : 65.884, ifc .0006 

The antecedent values are — 



= 15.879, db .<xx)3 


Br — 79.344, ± .0062 


Ag— 107.108, ±.0031 


S — 31.828, zh.0015 


Cl = 35.^^79, ±.0048 


AgBr— 186.452, di .0054 
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the molecular weight of SrCl, three estimates are available : 

From (i) SrCIj — 157.390, ± .01 12 

From (2) " =157.197,^.0192 

From (3)... " = 157. "23, ±.0157 

General mean SrCl, = 157.281, i .0083 

SrBr, there are two values : 

From (5) SrBr, = 245.682, ± .0076 

From (6) ** =245.684,^.0075 

General mean SrBr, = 245.683, d: .0053 

illy, with these intermediate data we obtain three independent 
Tes of the atomic weight of strontium, as follows : 

From molecular weight SrCI, Sr = 86.923, ± .0127 

From molecular weight SrEr^ *• = 86.995, ^ '0135 

From ratio (4) " = 86.434, ± .081 1 

General mean Sr = 86.948, ± .0092 

> = 16, Sr ^= 87.610. Rejection of the third value, which is worth- 
lises these means by 0.01 only. The second value, 86.995, which 
ents Richards' work, is undoubtedly the best of the three. 
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BARIUM. 

For the atomic weight of barium we have a series of eight ratios, estab- 
lished by the lai)ors of Berzelius, Turner, Struve, Marignac, Dumas, and 
Richards. Andrews * and Salv6tat,t in their papers upon this subject, 
gave no details nor weighings, and therefore their work may be properly 
disregarded. First in order, we may consider the ratio between sih^er 
and barium chloride, as determined by Pelouze, Marignac, Dumas, and 
Richards. 

Pelouze, t in 1845, made the three subjoined estimations of this ratio, 
using his well known volumetric method, A quantity of pure silver was 
dissolved in nitric acid, and the amount of barium chloride needed to 
precipitate it was carefully ascertained. In the last column I give the 
quantity of barium chloride proportional to 100 parts of silver : 

3.860 grm. BaClj ppt. 4.002 grm. Ag. 9^.452 

5.790 *• 6.003 " 96.452 

2.895 " 3'^^^ " 96.468 



Mean, 96.4573, ± .0036 

Essentially the same n>ethod was adopted by Marignac § in 1848. His 
experiments were made upon four samples of barium chloride, as fol- 
lows. A, commercial barium chloride, purified by recrystallization from 
water. B, the same salt, calcined, redissolved in wjiter, the solution 
saturated with carbonic acid, filtered, and allowed to crystallize. C,the 
preceding salt, washed with alcohol, and again recrystallized. D, the 
same, again washed with alcohol. For 100 parts of silver the following 
quantities of chloride were required, as given in the third column : 

^^. BaCl^. Ratio, 

(3.4445 3.3190 96.356 "^ 

A. \ 3.7480 3.61 10 96.345 \ Mean, 96.354 

(^6.3446 6.1140 96.362} 

„ (4.3660 4.1780 96.356)^ ,^^^ 

«• I 4.8390 4.662s 96.352 P"*"* ^-^^ 

^r^ '-''^ tSl Mean, 96.36a 

5.6230 5.4185 96.363) '^^ 

5.8435 5.6300 96.346 S 

8.5750 8.2650 96.384 I ^ , . 

V /: ^e. ^/:, c Mean, 96.367 

4.8225 4.6470 96.361 . !^ J ' 

,6.8460 6.5980 96.377 > 

Mean, 96.360, ±: .0024 



■\ 



D. 



* Chemical Gazette, October, 1852. 

t Corapt. Rend., 17, 318. 

\ Corapt. Rend., 20, 1047. Journ. fOr Prakt. Chem., 35, 73. 

\ Arch. d. Scl. Phys. et Nat., 8, 271. 
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Dumas* employed barium chloride prepared from pure barium 
nitrate, and took the extra precaution of fusing the salt at a red heat in 
a current of dry hydrochloric acid gas. Three series of experiments 
upon three samples of chloride gave the following results : 



A. < 



B. 



c. 



^^. 


Baa^. 


Ratio, 




' 1.8260 


1.7585 


96.303' 




3.9980 

2.2405 


3.8420 
2.1585 


96.339 
96.340 


> Mean, 96.333 


,4.1680 


4.0162 


96.358 J 




' 1.7270 


1.6625 


96.265^ 




2.5946 


2.4987 


96.304 




3.5790 


3.4468 


96.306 




4.2395 


4.0822 


96.290 


» Mean, 96.290 


4.3683 


4.2062 


96.289 




4.6290 


4.4564 


96.271 




. 9.0310 


8.6975 


96.307 . 




' 2.3835 


2.2957 


96.316^ 




4.2930 


4.1372 


96.371 




4.4300 


4.2662 


96.303 


" Mean, 96.338 


4.6470 


4.4764 


96.329 




. 5.«52o 


5.6397 


96.372. 





Mean, 96.316, d: .0055 

The work done by Richards f was of a much more elaborate kind, for 
H involved some collateral investigations as to the effect of heat upon 
barium chloride, etc. Every precaution was taken to secure the spectro- 
scopic purity of the material, which was prepared from several sources, 
and similar care was taken with regard to the silver. For details upon 
these points the original paper must be consulted. As for the titrations, 
three methods were adopted, and a special study was made with refer- 
ence to the accurate determination of the end point ; in which particular 
the investigations of Pelouze, Marignac, and Dumas were at fault. In the 
first series of deterrtiinations, silver was added in excess, and the latter 
was measured with a standard solution of hydrochloric acid. The end 
point was ascertained by titrating backward and forward with silver 
solution and acid, and was taken as the mean between the two apj^arent 
end points thus observed. The results of this series, with weights reduced 
to vacuum standards, were as follows : 

Ag, BaCl^, Ratio. 

6.1872 5.9717 96.517 

5.6580 5.4597 96.495 

3.5988 3.4728 96.499 

9.4010 9.0726 96.507 

.7199 .6950 96.541 

Mean, 96.512, ±.0055 



*Ann. Chem. Pharra., 113, 22. i860. 
t Proc. Amer. Acad., 29, 55. 1893. 
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In the aefiond series of experiments a Bmall excess of silver was added 
as before, and the [irccipitate of silver chloride was removed by fiitrs- 
tiun. The filtrate and waah waters were concentrated to email bulk 
whereupon a trace of silver chloride was obtained and taken into account. 
The excess of silver remaining was then thrown down as silver bromide, 
and from the weight of the latter tlie silver was calculated, and eub- 
tracted from the original amount. 



As- 


BaCI^. 


Ratio. 


SS5"9 

4.06 j8o 


6,36974 
S.360.0 
3-9*244 


96,5-1 
96.539 
96.522 



Mean, 96,514, ztz ,0054 

The third weriea involved mixing solutions of barium chloride and 
silver in as nearly as possible equivalent amounts, and then determining 
the actual quantities of silver and chlorine left unprecipitated. The 
filtrate and wash waters were dirided into two portions, one-half being 
evaporated with hydrobromic acid and the other with silver nitrate. 
The small amounts of silver bromide and chloride thus obtained were 
determined by reduction and the use of Volhard's method : 



As- 


BaCl,. 


Rafia. 


4.4355 


4.2815 


96,51s 


a. 7440 


1.6488 


9^53' 


6.1865 


5.9712 


96.5*0 


34013 


3,184. 


96.526 



Mean, 96.516, ± .oojS 

Two final experiments were carried out by Sta-?' method, somewliHt u 
in the first aeries, with variations and greater refinement in the oljserv*- 
tion of the end point. Tbe results were as follows : 



6.7J4S 



Bad.,. 
6.50022 



Ratio. 
96.525 
96-523 

Mean, 96.514, ± .c 



A careful study of Richards' paper will show that, althougl 
two experiments are probably the best, they are not entitled to s 
]ionderance of weight as the "probable error" here computedl 
give them. I therefore treat Richards' work as I have already doj 
of Marignac and Dumas, regarding all of his series as one, which g 
the value of the ratio 96.520, ± .002o. This combines with the pli 
ceriee thus: 
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Pelouze 96.457, ± .0036 

Marignac 96.360, dt .0024 

Dumas 96.316, dz .0055 

Richards 96.520, =b .0025 

General mean 96.434, rb .0015 

The ratio between silver and crystallized barium chloride has also 
been fixed by Marignac* The usual method was employed, and two 
series of experiments were made, in the second of which the water of crys- 
tallization was determined previous to the estimation. Five grammes of 
chloride were taken in each determination. The following quantities of 
BaCl,.2H,0 correspond to 100 parts of silver: 

1 13. 109 

A. ^ 113.135 y Mean, 113.114 
113.097 

"3.135 

B. ^ 1 13. 122 J. Mean, 113. 106 

113.060 
Mean, 113. no, db .0079 

The direct ratio between the chlorides of silver and barium has been 
measured by Berzelius, Turner, and Richards. Berzeliusf found of 
barium chloride proportional to 100 parts of silver chloride — 

72.432 
72.422 

Mean, 72.427 

Turner J made five experiments, with the following results : 

72.754 
72.406 

72.622 

72.664 

72.653 

Mean, 72.680, zfc .0154 

Of these, Turner regards the fourth and fifth as the best ; but for 
present purposes it is not desirable to so discriminate. 

Richards' determinations § fall into three series, and all are character- 
ized by their taking into account chloride of silver recovered from the 
wash waters. In the first series the barium chloride was ignited at low 
redness in air or nitrogen ; in the second series it was fused in a stream 
of pure hydrochloric acid ; and in the third series it was not ignited at 
all. In the last series it was weighed in the crystallized state, and the 

♦ Tourn. fur Prakt. Chem., 74, 212. 1858. 

tPog{cend. Annalen, 8, 177. 

t Phil. Trans., 1829. 291. 

J Proc. Amer. Acad., 29. 55, 1893. 
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amount of anhydrous chloride was computed from the data so obtained. 
The data, corrected to vacuum standards, are as follows : 





^^CL 


BaCl^, 


Ratio, 






f 8.7673 


6.3697 


72.653 "1 




5.1979 


3.7765 


72.654 




A. { 


, 4.9342 


3.5846 


72.648 


l Mean, 72.649 




2.0765 


1.5085 


72.646 






1 4.4271 


3.2163 


72.650 J 




( 


1* 2.09750 
7.37610 


1.52384 


72.650 ^ 


B. , 


5.36010 


72.669 V lif can, 72.6563 


Cs- 39906 


3.92244 


72.650 3 


c. J 


8.2189 
.4.5199 


5.97123 
3.28410 


72.6524 ] 
72.6587 J 


> Mean, 72.6555 



Mean, 72.653, ± .0014 

If we assign Berzelius' work equal weight with that of Turner, the 
three series representing the ratio 2AgCl : BaCl, combine as follows- 

Berzelius 72.427, dr .01 54 

Turner 72.680, ± .0154 

Richards 72.653, dr .0014 



General mean 72.650, i .0014 

Incidentally to some of his other work, Marignac* determined the 
percentage of water in crystallized barium chloride. Two sets of three 
experiments each were made, the first upon five grammes and the second 
upon ten grammes of salt. The following are the percentages obtained: 



A. 



B. 




Mean, 14.795 



Mean, 14.803 



Mean, 14.799, -^ .0018 

The ratio between barium nitrate and barium sulphate has been de- 
termined only by Turner, f According to his experiments 100 parts of 
sulphate correspond to the following quantities of nitrate : 

112.060 
1 1 1.990 
112.035 



Mean, 112.028, ±l .014 

For the similar ratio between barium chloride and barium sulphate, 
there are available determinations by Turner, Berzelius, Struve, Marignac, 
and Richards. 



• Journ. fQr Prakt. Chem., 74, 312. 1858. 
fPhil. Trans., 1833. 538. 
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Turner * found that 100 parts of chloride ignited with sulphuric acid 

gave 112.19 parts of sulphate. By the common method of precipitation 

and filtration a lower figure was obtained, because of the slight solubility 

of the sulphate. This point bears directly upon many other atomic 

weight determinations. 

Berzeliu8,t treating barium chloride with sulphuric acid, obtained 
the following results in BaSO^ for 100 parts of BaClj : 

112.17 
112.18 



Mean, 112. 175 

Struve, X in two experiments, found : 

112.0912 
112.0964 



Mean, 112.0938 

Marignac's § three results are as follows : 

8.520 grm. BaCI, gave 9.543 BaSO^. Ratio, 112.007 

8.519 ** 9.544 ** ** 112.032 

8.520 ** 9542 '* *' " 1.995 

Mean, 1 12.01 1, ± .0071 

Richards, in his work on this ratio, regards the results as of slight 
value, because of the occlusion of the chloride by the sul))hate. This 
source of error he was never able to avoid entirely. Another error in 
'he opposite direction is found in the retention of sulphuric acid b}' the 
precipitated sulphate. Eight experiments were made in two series, one 
8€t by adding sulphuric acid to a strong solution of barium chloride in a 
platinum crucible, the other by precipitation in the usual way. Rich- 
ards gives in his published paper only the end results and the mean of 
his determinations ; the details cited below I owe to his personal kind- 
ness. The weights are reduced to vacuum standards : 

BaCl^. BaSO^. Ratio. 

^1.78934 2.0056 112.086 

2.07670 2.3274 112.072 

1.58311 1.7741 112.064 

3.27563 3.67*2 112.076 

3.02489 3.3903 112.080 

1^3.87091 4.3385 112.080 

,02489 3.9726 112.076 

87091 3.4880 112.085 



First. 



Second. -J , 



Mean, 1 12.077, db .0017 



• Phil. Trans., 1829. 291. 

t Poggcnd. Annalen, 8, 177. 

t Ann. Chem. Pharm., 80, 204. 1851. 

I Journ. fQr Prakt. Chem., 74, 212. 1858. 
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This mean is subject to a small correction due to loss of chlorine on 
drying the chloride, which reduces it to U2.073. Omitting TurnerV 
single determination as unimportant, and assigning to the work of Bet- 
zelius and of Struve equal weight with that of Marignac, the measore- 
menta of this ratio combine thus : 



Bcrzelius . . 

Struve 

Marignac. . 
Richards . . 



1 11.094 


± 


0071 






0071 


112.073 


± 


0017 


11 3.07s 


± 


0016 



In an earlier paper than the one previouslj- cited, Richards* studial 
with great care the ratios connecting barium bromide with siker ind 
silver bromide. The barium bromide was jirepared by several dietind 
processes, its behavior upon dehydration and even upon fusioD wif 
studied, and its specific gravity was determined. The ratio with ailnf 
was measured by titration, a solution of hydrobromic acid being used 
for titrating back. The data are subjoined, with the BaBr, equivalent 
to 100 parts of silver stated : 



BaBr^. 


^s- 


Ratio. 


3.38760 


1.66074 


I37.74& 


3-47 >M 


j.SJOig 


■37.736 


a. 19940 


1.596S7 


137.73I 


3-3597" 


1.713*3 


'37-735 


a.94»o7 


»."3S84 


■37-748 


1.61 191 


1.17030 


'37-747 


a.10633 


1.539*1 


'37.740 


3.19683 


3.11740 


'37.755 


3.3Ta90 


1.71376 


137.738 


i.848aa 


1-34175 


137-747 


5.W647 


4.1I360 


137-750 


3.33670 


3.56010 


'37-75& 


4.3'6go 


3. '3430 


'3773' 


3.3M35 


a-44385 


■ 37- 748 


3.46347 


3.51415 


'37-759 
Mean. 137745, ± -OOS 



The silver bromide in most of these determinations, and in some others, 
was collected and weighed in a Goooh crucible with all necessary pre-^ 
cautious. Vacuum standards were used throughout for both ratios, 
give in a third column the BaBr, equivalent to 10(1 pails of AgBr : 
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BaBr^. 


AgBr. 


Ratio, 


2.28760 


2.89026 


79.149 


3-47 120 


4.3863s 


79.1.36 


3.81086 


4.81688 


79. '33 


2.35971 


2.98230 


79.124 


2.94207 


3.71809 


79.129 


2.10633 


2. 6619 1 


79.128 


2.91682 


3.68615 


79.129 


2.37290 


2.99868 


79.131 


1.84822 


2.33530 


79.143 


1.90460 


2.40733 


79.116 


5.66647 


7. 1 61 20 


79.' 27 


3.52670 


4.45670 


79.133 


2.87743 


3.63644 


79.127 


3.46347 


4.37669 


79.»35 




Mean, 79.132, 
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le ratios for barium now sum up as follows : 



(2- 

(3. 
(4. 
(S- 
(6. 
(7. 
(8. 



Ag, : BaCI, : : 100 : 96.434, ± .0015 

Ag, : BaCl,.2HjO : : 100 : 113.110, db .0079 

2AgCl : BaCl, : : 100 : 72.650, di .0014 

Per cent, of H,0 in BaCl,.2H,0, 14.799, ± .0018 

BaS04 : BaN,Og : : 100 : 1 12.028, dr .014 

BaCI, : BaS04 * • 'OO ; 112.075, zt .0016 

Agj : BaBr, : : 100 : I37.74S» =t .0015 

2.\gBr : BaBr, : : lOO : 79.132, d= .0015 



le reduction of these ratios depends upon the subjoined antecedent 
es: 



Ag 
Cl 

Br 
O 



107.108, 

35.179, 
79.344, 
»5.879, 



.0031 
.0048 
.0062 
.0003 



N 
S 

AgCl 
AgBr 



13.935, 
31.828, 

142.287, 

186.452, 



.0021 
.0015 
.0037 
.0054 



ith these factors four estimates are obtainable for the molecular 
;ht of barium chloride : 

From (i) BaCIj — 206.577, db .0068 

From (2) ** = 206.542, db .0183 

From (3) '* = 206.745, i .0067 

From (4) ** = 205.866, ± .0257 

General mean BaCl, = 206.629, ± .0045 

)r barium bromide we have : 

From (7) BaBr, = 295.070, rb .0091 

From (8) " = 295.086, dr .0102 

General mean BaBr, = 295.078, db .0068 
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And for barium itself, four values are finally available, thus : 

From molecular weight BaCl, Ba= 136.271, ± .0106 

From molecular weight BaBr, ** = 136.390, zh .0141 

From ratio (5) ** = 135.600, ±: .271 1 

From ratio (6) ** = 136.563, dz .0946 

General mean Ba = 136.31 5, dz .0085 

Or, if = 16, Ba = 137.354. 

In the foregoing computation all the data, good or bad, are includei 
Some of them, as shown by the weights, practically vanish ; but othera, 
as in the chloride series, carry an undue influence. A more trustworthy 
result can be deduced from Richards' experiments alone, which reduce 
as follows : 

From Ag, : BaCl, BaCl, = 206.761 , db ,ooSo 

From 2AgCl : BaClj *• = 206.754, ifc .0067 

General mean BaCl, = 206.755, ± -^5' 'V 

From the bromide, as given above, Ba = 136.390, ± .0141. From the 
value just found for the chloride, Ba = 136.397, ± .0109. Combining 
the two values — 

Ba = 136.392, ± .0086. 

Or, if = 16, Ba = 137.434. This determination will be adopted in 
subsequent calculations as the most probable. 
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the atomic weight of lead we have to consider experiments made 
he oxide, chloride, nitrate, and sulphate. The researches of Ber- 
upon the carbonate and various organic salts need not now be 
ered, nor is it worth while to take into account any work of his 
efore the year 1818. The results obtained by Dobereiner* and 
igchamp t are also without special present value, 
the exact composition of lead oxide we have to depend upon the 
hes of Berzelius. His experiments were made at different times 
h quite a number of years ; but were finally summed up in tlie 
ition of his famous ** Lehrbuch."t In general terms his method 
eriment was very simple. Perfectly pure lead oxide was heated 
irrent of hydrogen, and the reduced metal weighed. From his 
ngs I have calculated the percentages of lead thus found and 
them in a third column : 







Earlier Results, 






8.045 grm- 


PbO 


gave 7.4675 grm. Pb. 


92.8217 per cent 


14.183 




13.165 


92.8224 




10.8645 




10.084 " 


• 92.8160 




13.1465 




12.2045 " 


92.8346 




21.9425 




20.3695 " 


92.8313 




II. 159 




10.359 
Latest. 


92,8309 




6.6155 


(1 


6. 141 


92.8275 


(i 


14.487 


(1 


13.448 


92.8280 


(< 


14.626 


<( 


'3.5775 *' 


928313 


<< 



Mean, 92.8271, db .0013 

the synthesis of lead sulphate we have data by Berzelius, Turner, 
tas. Berzelius, § whose experiments were intended ratlier to fix 
omic weight of sulphur, dissolved in each estimation ten grammes 
'e lead in nitric acid, then treated the resulting nitrate with sul- 
; acid, brought the sulphate thus formed to dryness, and weighed, 
imdred parts of metal yield of PbSO^ : 

146.380 
146.400 
146.440 
146.458 



Mean, 146.419, ■±. .012 



* Schweig. Journ., 17, 241. 1816. 
t Ann. Chim. Phys., 34, 105. 1827. 
X Bd. 3, s. 1 218. 
I Lehrbuch, 5th ed., 3, 1187. 
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ruruor,* in three similar experiments, found as follows : 

146.430 
146.398 

146.375 

Mean, 146.401, dt .011 

lu tiuv«o results of Turner's, absolute weights are implied. 

*rho rt'Hults of Stas' syntheses,! effected after the same general met 
but with variations in details, are as follows. Corrections for weig 
in air wort> applied : 

146.443 
146.427 

146.419 

146.43* 
146.421 

146423 

Meui, 146.4275, ifc .0024 

lVmWuii\^> wo gt^t the subjoineil result : 

H<rt«Uiis i4fiL4i9i, —.012 

1\fcrffc«f 146.401, —.011 

5i^** «4M^5.^-««4 



OtAtrak Meui 146.4262. := .0023 



Xxwu^tv iu ihe *;!^iut^ |>*i^iNr. *Ijo gttvgi ;i ;smes of syntheses of lead 
|vK^U\ iu xvhich ho :!4;jun;i^ ttvxu (he oxide iostmd oi mnn the metal. ' 
Kuuvlrwl |>An* \N«f l^\ tt^vii vVttvyc^jioQ £att> PbSO^ gained weigh 



W'^v ♦(iU^x^ s<>v NSi >fc^<'> !^ca^it. >(:mtOiKs ooe. two. and tl 
>v>^:\>K\sk< \\i.t s^\ vie s\*it:A^ «:^tvUg^i mtiui. r^j^.'^- %ic oiCTafie. The o3ud 
ivs><\ i'^vx ^'Ki v.\ y\^ij*>KNi '>;>ic\^ ^>i^ ^ttitULiOTL. STnxtber s^Ten was 

t^K XV, ^vw ux « ^ >v-.v i (MvNivKvv; > ^r'ix?> :iAf luw jk tfittire. ;&Q!d this e 
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till a third series by Turner establishes the ratio between the nitrate 

L the sulphate, a known weight of the former being in each experi- 

nt converted into the latter. One hundred parts of sulphate represent 

nitrate : 

109.312 

109.310 

109.300 



Mean, 109.307, ± .002 

In all these experiments by Turner the necessary corrections were 
nade for weighing ii\ air. 

In 1846 Marignac* pubKshed two sets of determinations of only 

moderate value. First, chlorine was conducted over w^eighed lead, and 

the amount of chloride so formed was determined. The lead chloride 

was fused before weighing. The ratio to 100 Pb is given in the last 

column : 

20.506 grm. Pb gave 27.517 PbCl,. 134.190 

16.281 *' 21.858 '* 134.225 

25.454 •* 34.149 '* • 134.159 

Mean, 134. 191, ±: .013 

Secondly, lead chloride was precipitated by silver nitrate and the ratio 
between PbCl, and 2AgCl determined. The third column gives the AgCl 
formed by 100 parts of PbCl, : 

12.534 grm. PbCI, gave 12.911 AgCl. 103.01 

14.052 ** 14.506 " 103.23 

25.533 ** 26.399 " '03.39 



Mean, 103.21, rb .0745 

For the ratio between lead chloride and silver we have a series of re- 
sults by Marignac and one experiment by Dumas. There are also un- 
available data by Turner and by Berzelius. 

Marignac,t applying the method used in his researches upon barium 
wd strontium, and working with lead chloride which had been dried at 
200°, obtained these results. The third column gives the ratio between 
PbCl,, and 100 parts of Ag : 

4-9975 g"i>' PbCI, = 3.8810 grm. Ag. 128.768 

4.9980 •* 3.8835 " 128.698 

5.0000 «* 3.8835 " 128.750 

5.0000 •* 3.8860 '* 128.667 



Mean, 128.721, db 016 

Dumas,J in his investigations, found that lead chloride retains traces 

*Ann. Chem. Pharm., 59, 289, and 290. 1846. 
t Journ. ffir Prakt. Chem., 74, 218. 1858. 
I Ann. Chem. Pharm., 113, 35. i860. 

9 
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of water even at 250°, and is sometimes also contaminated with oxvchky 
ride. In one estimation 8.700 grammes PbCl, saturated 6.750 of Af. 
The chloride contained .009 of impurity ; hence, correcting, Ag : PbCl, : : 
100 : 128.750. If we assign this figure equal weight with those of Marig- 
nac, we get as the mean of all 128.7266, ±: .013. The sources of error in- 
dicated by Dumas, if they are really involved in this mean, would tend 
slitrhtly to raise the atomic weight of lead. 

The synthesis of lead nitrate, as carried out by Stas,* gives Excellent 
results. Two series of experiments were made, with from 103 to 250 
grammes of lead in each determination. The metal was dissolved in 
nitric acid, the solution evaporated to dr3'ness witli extreme care, and 
the nitrate weighed. All weighings were reduced to the vacuum standard. 
In series A the lead nitrate was dried in an air current at a temperature 
of about 155.° In series B the drying was effected in vacuo. 100 of lead 

yield of nitrate : 

A. 

'59973 

»S9.975 
159982 

159-975 
159.968 

» 59.973 



Mean, 159.9743, ± .0012 



H. 



159.970 
159.964 

159.959 
159.965 

Mean, 159.9645, db 0015 
Mean from both series, 159.9704, 4: .0010 

There is still another set of experiments upon lead nitrate, originally 
intended to ?iii the atomic weight of nitrogen, which may properly be 
included here. It was carried out by Anderson f in Svanbergs labora- 
tory, and has also ai)peared under Svanberg's name. I>ead nitrate was 
carefully ignited, and the residual oxide weighed, with the following 
results : 

5.19485 grm. PbNjOg gave 3.5017 grm. PbO. 67.4071 per cent. 

9.7244 " 6.5546 " 67.4037 

9.2181 " 6.2134 " 67.4044 

9.6530 " 6.5057 - 67.3957 






f < 



Mean, 67.4027, di .0016 



* Aronstein*s translation, 316. 

t Ann. Chim. Phys. (3), 9. 254. 1843. 
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We have now nine ratios from which to compute: 

(i.) Per cent, of Pb in PbO, 92.8271, ± .0013 
(2.) Per cent of PbO in PbNjO,, 67.4027, ± .0016 
(3.) Pb : PbSO^ : i 100 : 146.4262, ifc .0023 
(4.) PbO : PbSO^ : : 100 : 135.804, ± 0180 
(5.) Pb.SO^ : PbNjOj : : 100 : 109.307, d: .0020 
(6.) Pb : PbNjO, : : lOO : 1 59. 9704, ± .0010 
(7.) Pb : PbCI, : : 100 : 134.191, db .013 
(8.) PbCl, : 2AgCl :: 100 : 103.21, rb .0745 
(9.) Ag, : PbCl, : : lOO : 128.7266, ± .0130 

To reduce ^hese ratios we must use the following data : 

O = '5.879, zt .0003 s = 31.828, dr .0015 

Ag= 107.108, ± .0031 N = 13.935, d= .0021 

CI = 35-J79i±.oo48 AgCl = 142.287, ±. 0037 

For the molecular weight of lead oxide we now get three estimates : 

From (I) PbO = 221.375, ± .0403 

From (2) ** =221.796,^.0132 

From (4) ** =221.9^, ± .1116 

Genera] mean PbO = 221.757, ± .0125 

For lead chloride we have— 

From (8) PbCl, = 275.723, ± .1989 

From (9) .... . ** = 275.753, ± .0290 

General mean PbCl, = 275.752, dr .0287 

Including these results, six values are calculable for the atomic weight 

of lead : 

From molecular weight of PbO. ..... Pb = 205.878, dr .0126 

From molecular weight of PbCl, ** = 205.394, dr .0302 

From (3) *' =205.367,^1.0051 

From (5) " = 203.352, ± .0479 

From (6) " = 205.341, ± .0068 

From (7) " = 205.779, ± .0831 

General mean Pb ±= 205.395, dz .0038 

If 0= 16, Pb = 206.960. If we reject the first, fourth, and sixth of 
these values, which are untrustworthy, the remaining second, third, and 
fifth give a general mean of Pb = 205.358, ± .0040. If =16, this 
hecomes Pb = 206.923. From Stas' ratios alone Stas calculates Pb = 
206,918 to 206.934 ; Ostwald finds 206.911 ; Van der Plaats (A), 206.9089, 
(B), 206.9308, and Thorasen 206.9042. The value adopted here repre- 
sents mainly the work of Stas, and with H = 1 is 

Pb = 205.358, dr .0040. 
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GLUCINUM. 

Our knowledKo of tho atomic weight of glucinum is chiefly derived 
from oxporimoutm made upon the sulphate. Leaving out of account the 
Hiu^ln deturmination by Berzelius,* we have to consider the data fur- 
uUhotl by Awdojow, Weeren, Klatzo, Debray, Nilson and Pettersson^and 
KrilMH and Moraiit. 

A wilojow, t whoso determination was the earliest of any value, analyied 
tlio Hulphato, Tho sulphuric acid was thrown down as barium sulphate; 
and in tho tUtnvto, from which the excess of barium had been first re- 
iuovod» tho ghioina wi\s preoipitateii by ammonia. The figures which 
Awdojow publishos ropresont the ratio between SO, and GIO, but not 
alvii^uto weights. As, however, his calculations were made with S0,= 
%^OLUk\ and \^\ pn>lnibly ~ 855.29, we may add a third column showing 
how u\uoh li^vSi\ is pn>portional to 100 parts of GIO : 

.S\V (^^O, Ratio. 

4457 >4o6 921.242 

45Jii «4» 927.304 

7^10 24^0 9>5-903 

11^^^ 4065 920 S14 

Mewi, 921.316, ±1 1.577 

Tht^ *;ixu^ uxeih^vl WA# (vJlowevi by Weer^n and by Klatxo, except that 
W^rx'U u^i^) ;jimiuvn\ium sulphide iu^cecud of ammoaiA for the precipita- 
lkvi\ v^f ihe 3tUKnu;j^ \Vet»rvi\ t ^ive«j the t\>Uowiiig w^gfats of GIO and 
Hsj^V i'he r^j^Uo b ^iveu iu ;ji thirvi cv^lumiu jast as vith the figures hy 
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Combining these series into a general mean, we get the subjoined result : 

Awdejew 921.316, 4^ 1.577 

Weeren 918.497, rh 3.624 

Klatzo 923.281, zt 1.346 

General mean 922.164, i 0.985 

Hence GIO = 25.130, ± .0269. 

Debray* analyzed a double oxalate of glucinum and ammonium, 
GlCNHJjQOg. In this the glucina was estimated by calcination, after 
first converting the salt intcj nitrate. The following percentages were 

found : 

11.5 
II. 2 

II. 6 
Mean, 1 1.433, ±.081 

The carbon was estimated by an organic combustion. I give the 
weights, and put in a third column the percentages of CO, thus obtained : 

Sali. CO^. Percent, COr 

.600 .477 79500 

.603 .478 79-2ZO 

.600 .477 79-500 

Mean, 79.423, =h .052 

Calculating the ratio between CO, and GIO, we have for the molecular 
weight of the latter, GIO = 25.151, ±: .1783. 

In 1880 the careful determinations of Nilson and Pettersson appeared.f 
These chemists first attempted to work with the sublimed chloride of 
glucinum, but abandoned the method upon finding the compound to 
be contaminated with traces of lime derived from a glass tube. They 
finally resorted to the crystallized sulphate as the most available salt 
for their purposes. This compound, upon strong ignition, yields pure 
glucina. The data are as follows : 

GIS0^,4H^0, GIO. Per cent, GIO. 

3-8014 .5387 14. 171 

2.6092 .3697 14.169 

4.3072 .6099 14.160 

3.0091 .4266 14.176 

Mean, 1 4. 169, ri= .0023 

Kriiss and Moraht J in their work follow the general method adopted 

• Ann. Chim. Phys. (3^ 44, 37. 1855. 

t Berichtc d. Deutsch. Chem. Gcsell., 13, 1451. 1880. 

I Ann. d. Chem., 262, 38. 1891. 
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by Nilson and Pettersson, but with various added precautions and greater 
elaboration of detail. Their glucina was derived from three sources, 
namely, leucophane, beryl, and gadolinite, and the sulphate was repeat- 
edly recrystallized. The results are subjoined : 



GlSO,.4H^O, 


GIO. Percent, GIO 

* 


21.1928 


3.0008 


14.160 


16.20J8 


2.29455 


14.161 


'S.49345 


2.1902 


14.136 


20. 1036 


2.8433 


'4.143 


22.0465 


3i»67 . 


14.137 


4.9619 


.7019 


14. '46 


18.3249 


2.5921 


I4.»45 


24.3907 


3.0253 


14. "43 


20.18045 


2.85255 


14.135 


20.0253 


2.8328 


14.146 


18.9840 


2.6832 


14.134 


17.0072 


2.4073 


»4.«55 


22.5044 


3.1805 


14.133 


20.88675 


2.95645 


14.154 


19.0591 


2.69305 


14.130 


17.8227 


2.5226 


i4.'S3 



Mean, 14.T44, ± .0017 

The first two determinations, which give the highest percentage, were 
made upon sulphate thrice crystallized. The others were made upon a 
salt four times crystallized, except in one instance, when there were five 
crystallizations. To the data derived from the four times crystalliwd 
compound Kriiss and Moraht give preference, and so find a slightly 
lower value for the atomic weight of glucinum. Combining, we have for 
the mean percentage : 

By Nilson and Pettersson 14. 169, ifc .0023 

By Kriiss and Moraht 14. 144, ifc .0017 

General mean I4.i53i =b .0014 

Taking now all the data for glucinum, we have — 

(I.) GIO : BaSO^ : : 100 : 922.164, dr .985 

(2.) 4CO, : GIO : : 79-423, ± .0052 : 1 1.433. ± 081 

(3.) Percentage of GIO in GISO4.4H2O, 14.153, ± 0014 

The antecedent atomic weights are — 



O = 15.879, db .0003 
S =31.828, ± .0015 



C r=r 11.920, ± .0004 

Ba --= 136.392, dt .0086 



1 
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Hence the subjoined values for glucina : 

From (i) 010 = 25.130, ±.0269 

From (2) ** =25.151,^.1783 

From (3) *• =24891,^1.0025 

General mean GIO = 24.893, dt .0025 

And Gl = 9.014, zb .0025 

If = 16, Gl = 9.083. 

All the values but that derived from the third ratio might obviously 
be rejected. Their influence upon the final mean is altogether trivial. 
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There is perhaps no common metal of which the atomic weight has 
been subjected to closer scrutiny than that of magnesium. The value 
i^ low, and its determination should, therefore, be relatively free from 
oiany of the ordinary sources of error ; it is extensively applied in chem- 
ical analysis, and ought consequently to be accurately ascertained. 
Strange discrepancies, however, exist between the results obtained by 
different investigators ; so that the generally accepted figure cannot be 
regarded as absolutely free from doubt. 

The early determinations made by Berzelius, Longchamp, and Gay- 
Lussac need not be considered here, as they have only antiquarian value. 
The investigations which demand attention are those of Scheerer, Svan- 
berg and Nordenfeldt, Jacquelain, Macdonnell, Bahr, Marchand and 
Scheerer, Dumas, Marignac, Burton and Vorce, and Richards and Parker. 

Scheerer's method of investigation was exceedingly simple.''^ He 
merely estimated the sulphuric acid in anhydrous magnesium sulphate, 
employing the usual process of precipitation as barium sulphate. He 
gives no weighings, but reports the percentages of SO, thus found. In 
his calculations, O = 100, SO, = 500.75, and BaO = 955.29. It is easy, 
therefore, to recalculate the figures which he gives, so as to establish 
what his method really represents, viz., the ratio between the suli)hates 
of barium and magnesium. 

Thus revised, his four analyses show that 100 parts of MgSO^ yield 
the following quantities of BaSO^ : 

P^r cent, SO^. 

»93.575 66.573 

'93.677 66.608 

193.767 66.639 

193.631 66.592 

Mean, 193.6625, ± .0274 

* Poggcnd. Annalen, 69, 535. 1846. 
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In a lat*r note*Scheererahow3 that the barium sul phote of these «• 
pcrimentA carries down with it magnesium salts in such quantilyub 
make the atomic weight of magnesium 0.039 too low. 

'llie worlc of Bahr, Jacquelain, Macdonnell, and Marignac. and in pid 
that of Svaaberg and Nordenfeldt, also relates to the composition oT 
magnesium sulphate. 

Jocquelain's experiment were &» follows : f Dry magnesium sul)iliiU 
was prepared by mixing the ordinary hydrous salt to a paste witlifijl- 
phuric acid, and calcining the mass in a platinum crucible over a siriril 
lamp to constant weight and complete neutrality of reaction. This drj 
sulphate was weighed and intensely ignited three successive times. The 
weight of tiie residual MgO having been determined, it was moisteucd 
with sulphuric acid and recalcined over a spirit lamp, thus reprodudng 
the original weight of MgSO,. Jacquelain's weighings for these t»ii 
experiments show that 100 parts of MgO correspond to the quantitia 
of MgSO, given in the last column : 



1.466 grm. MgSO, gave 
.493 •' MfO " : 



.166 



I. MgO. 
MgSO,. 



297-968 



Jacquelain also made one estimation of sulphuric acid in the foregoing 
sulphate as BaSO,. Hia result (1.464 grm. MgSO, = 2.838 grm. BaSOJ, 
reduced to the standard adopted in dealing with Scheerer's expcrimentt, 
gives for 100 parts of Mg.SO,, 193.852 BaSO,. If this figure be given eqotl 
weight with a single experiment in Scheerer's series, and combined with 
the latter, the mean will be 193.700, ± .0331. This a^a\n is subjeclto 
the correction jiointed out by Scheerer for m^^nesium salts retained by 
the barium sulphate, but such a correction determined by Scheorer for 
a single experiment is only a rough approximation, and hardly worth 
applying. 

The determinations pulilished by Macdonnell t are of slight impor- 
tance, and all depend upon magnesium sulphate. First, the crvBtalli^ed 
salt, MgS0,.7H,0, was dried in vacuo over sulphuric acid and then de- 
hydrated at a low red heat. The following percentages of water were 
found : 



' PojncDd. AnlHlcii. TO, ^/y;. 
tAon. Chira Phy«. (j), JJ, » 
1 Proc. Royal Irish Acnd., y y 
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Bcondly, anhydroua magiieeium sulphate was precipitated with ba- 
il chloride. From the weight of the harium sulphate, with SO, =^ 
ind Ba = 137, Macdonnell (.•omputes the percentages of SO, given 
iw. I calculate them buck tu the ohseiTed ratio in uniformity with 
eerer'9 work : 



I 



PercfHt. SO.y 
66.67- 
66.73 
66.64 
66.65 
66.69 



'94-177 
'94-3SI 
194.089 
194.118 

"94-Z39 



1 another experiment 60,05 grains MgSO, gare 116,65 grains BaSO, 
tio of 10<!l : 194.254. Including this with the precedinfc figures, they 
. a mean of 194.205, ± .037, This, combined with the work of 
ptw and Jacquelain, 193,700, ± .033, gives a general mean of — 



MgSOj : BaSO, : 



: 194.003. ± -C 



1 one final experiment Macdonnell found that 41.44 grains of pure 
Tiesia gave 124.40 grains of MgSO., or 300.193 per cent. 
ahr's* work resembles in part that of Jacquelain. This chemist 
'erted pure magnesium oxide into sulphate, and from the increase 
eight determined the composition of the latter salt. From his weigh- 
100 parts of MgO equal the amounts of MgSO, given in the third 



I 



1.6938 gtm. MgO gave 5.0157 grm. MgSO,. 
3.0459 ■' 6.0648 " 

1.0784 ■■ 3.'9JS 



Z96.437 
296.0410 



;.o8i5 



\ioni four years previous to the investigations of Bahr the paper of 
iberg and Nordenfeldtf appeared. These chemists started with the 
ate of magnesium, which was dried at a temperature of from 100° 
Jo" until it no longer lost weight. The salt then contained two 
3cules of water, and upon strong ignition it left a residue of MgO. 
>ercentage of MgO in the oxalate comes out as follows : 



• 1.9872 E'''"- f*idc. *7-3S9 ps' t 

1.7464 " 27.375 '• 

1.7418 '■ 27.364 ■■ 

1.7027 " 27.368 " 
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111 three of these experiments the MgO was treated with H^^^^^f 

converted, as by Jacqueliiin and by Bahr in their litter re9<earch(fl,^^H 

MgSO,. One hundred parts of MgO gave of Mg90, as followa : ^^P 

1.9S73 grm. MgO gave S-S995 a""- MgSO,. 296.875 H 

1.7464 " 5.1783 ic)6.5'3 I 

1.741S " J. 1666 " 296,614 ■ 

Mean. 21(6.671, ±: .071 I 

In ISoi) the elaborate investigations of Marcband and Scbeerer* Ap I 
peared. These chemists undertook to determine the composition of I 
some natural niagnesites, and. by applying corrections for impurities, to I 
deduce from their results tlie sought-for atomic weight. The mafiiiesiU I 
chosen for the investigation was, first, a yellow, transparent variety from 
Suaruni ; second, a whit* opaque mineral from the same locality ; and, ' 
third, a very pure quality from Frankenstein, In each case the im- 
purities were carefully determined ; but only a part of the details nveA 
be cited here. Silica was of course easily corrected for by simple sub- 
traction from the sum of all of the constituents; but iron and calcium, 
when found, having been present in the mineral as carbonates, required 
the assignment to them of a portion of the carbonic acid. In the atomic 
weight determinations the mineral wiis first dried at 300°. The loss in 
weight upon ignition was then carbon dioxide. It was found, however, 
that even here & correction was necessary. Magnesite, upon drying *^ 
300°, loses a trace of CO,, and still retains a little water ; on the other 
hand, a minute quantity of CO, remains even after ignition. The CO, 
expelled at 300° amounted in one experiment to .054 i>er cent. ; that 
retained after calcination to .05-5 per cent. Both errors tend inthesaine 
direction, and increase the apparent percentage of MgO in the magneaite. 
On the yellow mineral from Snarum the crude results are as follows, 
giving percentages of MgO, FeO, and CO, after eliminating silica: 
CO,. M^O. FeO. 

51.8958 47.3278 -7764 ^H 

S)-B79> 47.3J93 -7S09 ^M 

5>-8734 47-3'S4 .Sua ^M 

5i-''S75 47-3372 -7753 



Mei 



1.47.3299, ±.0037 



After applying corrections for loss and retention of CO,, as 
indicated, the mean results of the foregoing series become — 
CO,. MgO. FeO. 

S'-99J' 47-2743 -7860 



The r.itio between the MgO and the CO,, after 
will be considered further on- 



icting fur the iron, 
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'the white magneHite from Simrum but a single annlyeis was made, 
■h for present purposes may be ignored. Concerning the Franken- 
niineral three series of analyses were executed. In the first aeries 

allowing results were obtained i 

8,996 gnn. CO, = 8.1245 grm. MyO. 47.760 per ccn!. MjjO. 

7.960 " 7.3775 " 47.761 

^ .9.3*65 " 8.529 47.767 

B 7-5S3 6-9095 47.775 

M Mean, 47.766, ± .OOSJ 

is mean, corrected for loss of CO, in drying, becomes 47.681. I give 
I second with corrections applied : 

K 6.8195 g"". MjiCOj B^vc 3.1500 grm. MyO. 47.658 per cenl. 

H II.3C«I 5-3849 47.628 

H 9-7375 4-635 47 599 

■ 11.3887 5.9033 47.650 

■ 3»-*U8 15.453 47-674 

■ 38.891a 18.5366 47.663 
B 06.5113 12-6445 47-675 

^ft Mean, 47.650, :^ .0069 

Ibiird series Wiis made upon very pure materiivl, so that the cor- 
ms, although applied, were less influential. The results were as 
vs: 

4,29[3 grm. MgCO, gave z.0436 grni. MgO. 47-^2= P" ""i- 

37.8*86 '■ ' 13-2539 ■' 47-617 " 

14.6193 '■ 6.9692 ■' 47.672 " 

"8.3085 ■• S.7137 ■' 47.648 " 

Mean, 47.642, ±.0077 

a supplementary p.iper* by Scheerer, it was shown that an impor- 
■orrection to the foregoing data had been overlooked. Scheerer, re- 
ining the magnesitcs in question, discovered in them traces of lime, 
1 had escaped notice in the original analyses. With this correction 

Itnagnesites in question exhibit the following mean composition : 
Snarum. Frankenstein. 
, CO, 52.131 52.338 
MgO 46.663 47-437 
C.O 430 .225 
I FeO 776 

teng for lime and iron, by assigning each its share of CO,, the 
noagnesite gives aa the true percentage of magnesia in pure 
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magnesium carbonate, the figure 47.624. To this, without serious n 
take, we may assign the weight indicated by the probable error, ± .00 
the quantity previously deduced from the percentages of MgO given 
the uncorrected analyses. 

From the Frankenstein mineral, similarly corrected, the final in< 
percentage of MgO in MgCO, becomes 47.628. This, however, represe 
three series of analyses, whose combined probable errors may be pr 
erly assigned to it. The combination is as follows : 

± .0022 

±.0069 
rfc.0077 

Result, i: .0020, probable error of the general mean. 

We may now cotnbine the results obtained from both magnesites 

Snarum mineral Per cent. MgO, 47.624, zb .0037 

Frankenstein mineral ** 47.628, ± .0020 

General mean Per cent. MgO, 47.627, db .0018 

The next investigation upon the atomic weight of magnesium w 
we have to consider is that of Dumas. * Pure magnesium chloride 
placed in a boat of platinum, and ignited inastreamof dry hydroch 
acid gas. The excess of the latter having been expelled by a curre 
dry carbon dioxide, the platinum boat, still warm, was placed in a c 
vessel and weighed therein. After weighing, the chloride was diss< 
and titrated in the usual manner with a solution containing a ki 
quantity of pure silver. The weighings which Dumas reports gi^ 
proportional to 100 parts of silver, the quantities of MgCl, stated i 
third column : 

2.203 grm. MgClj = 4.964 grm. Ag. 44- 380 

2.5215 *' 5.678 *' 44.408 

2.363 " 5.325 " 44.376 

3994 ** 9.012 •* 44.319 

2.578 '♦ 5.834 •• 44.189 

2.872 ♦• 6.502 " 44.171 

2.080 " 4.710 " 44.161 

2.214 " 5.002 ♦• 44.262 

2.086 '• 4.722 " 44.176 

1.688 •• 3823 " 44.154 

1.342 " 3.031 *' 44.276 

Mean, 44.261, dr .020 

Tliis determination gives a very high value to the atomic wei; 
majrnesium, which is un(iuestionably wrong. The error, probal 
due to the presence of oxychloride in the magnesium chloride tak 

♦Ann. Chcra. Pharm., 113, .^3. i860. 
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y tending to raise the apparent atomic weight of the metal. 
Is' and Parker's revision of this ratio is more satisfactory, 
^nac,* in 1883, resorted to the old method of determination, de- 
g upon the direct ratio between MgO and SO,. This ratio he 
ed both synthetically and analytically. First, magnesia from 
; sources was converted into sulphate. The MgSO^ from 100 parts 
is given in the third column : 

MgO, MgSO^, Ratio, 

I J. 5635 4.6620 298.17 

2 ... 1.4087 4.2025 298.32 

3 '-SP'? 4.7480 298.30 

4 1.4705 4-3855 298.23 

5 1.4778 4.4060 298.15 

6 1.6267 4.8530 298.33 

7 1.3657 4.0740 298.37 

8 '-9575 58390 298.29 

9 1.6965 5.0600 298.26 

10 1.8680 5.5715 298.26 

Mean, 298.27, dt .0149 

magnesia for experiments 1 to 5 was prepared by calcination of 
rate, that of 6 to 8 from the sulphate, and the remaining two from 
bonate. But Richards and Rogers t have shown that magnesia 
I from the nitrate always contains occluded gaseous impurity, so 
e experiments depending upon its use are somewhat questionable, 
mlts tend to give an atomic weight for magnesium which is pos- 
>o high. Whether the other samples of magnesia are subject to 
• objections I cannot say. 

gnac's second series was obtained by the calcination of the sul- 
with results as follows : 

MgSO^, MgO, Ratio, 

3.7705 1.2642 298.25 

4.7396 ^ 1.5884 298.39 

3.3830 ' 1.1345 298.19 

4.7154 1.5806 298.33 

4.5662 1.5302 298.43 

4.5640 1.5300 298.30 

3.2733 1.0979 298.14 

4.8856 1.6378 298.30 

5.0092 1.6792 298.31 

5-3396 1.7898 298.33 

5-1775 >-7352 298.38 

5.0126 1.6807 298.24 

5.0398 1.6894 298.32 

Mean, 298 30, ± .0150 

♦Arch. Sci. Phys. ct Nat. (3), 10, 206. 
1 Am. Chcm. Journ., 15, 567. 1893. 
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These data may now be combined with the work of previous inveati- 
gators, giving Macdonnell's one result and Jacquelain's two, each equti 
weight with a single experiment in Bahr's series: 

Macdonnell 300.193, ± .1413 

Jacquelain , 297.968, ± .0999 

Bahr 296.200, dr .0815 

Svanbcrg and Nordenfeldt 296.671, ± .0720 

Marignac, synthetic 298.27, :fc .0149 

Marignac, calcination 298.30, :fc .0150 

General mean 298.210, zt. .0103 

Burton and Vorce,* who published their work on magnesium in 189ft 
started out with the metal itself, which had been purified by distillatioa 
in a Sprengel vacuum. This metal was dissolved in pure nitric acid, 
and the resulting nitrate was converted into oxide by calcination at t 
white heat. The oxide was carefully tested for oxides of nitrogen, which 
were proved to be absent, but occluded gases, the impurity pointed out 
by Richards and Rogers, were not suspected. This impurity must hare 
been present, and it would tend to lower the apparent atomic weight of 
magnesium as calculated from the data obtained*. The results were as 
follows, together with the percentage of Mg in MgO: 



Afg Taken, 


MgO Formed. 


Percent, Mg 


.33009 


.54766 


60.273 


.345" 2 


.57252 


60.281 


.26038 


.43221 


60.290 


.28600 


.47432 


60.297 


.30917 


.51273 


60.299 


.27636 


.45853 


60.271 


.36457 


.60475 


60.284 


.324" I 


.53746 


60.304 


.32108 


.53263 


60.282 


.28323 


.46988 


60.262 



Nfean, 60.2845, ^ .0027 

The latest determinations of all are those of Richards and Parker,t 
who studied magnesium chloride with all the precautions suggested by 
the most recent researches. The salt itself was not only free from oxy- 
cliloride, but also 8})ectroscopically pure as regards alkaline contamina- 
tions, and all weighings were reduced to a vacuum standard. The first 
series of experiments gives the ratio between silver chloride and mag- 
nesium chloride, and I have reduced the data to the fonn 2AgCl : MgCl, : : 
1(X) : X. The weighings and values for x are subjoined : 



♦ Am. Chcm. Journ., 12, 219. 1890. 
t Zeitsch. Anorg. Chcm., 13, Si. 1896. 
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MgCh, 


AgCL 


Ratio, 


1.33550 


4.01952 


33.225 


1.51601 


4.56369 


33.219 


1.32413 


3.98528 


33.226 


1.40664 


4.23297 


33231 


1.25487 


3.77670 


33 227 




Mean, 33.226, 
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db.0013 

e remaining series of experiments, three in number, relate to the ratio 
MgCl,, which was earlier investigated by Dumas. For the elaborate 
Is of manipulation the original memoir must be consulted. I can 
little more than the weigh t« found, and their reduction to the usual 
of ratio, Ag, : MgClj : : 100 : x : 





Second Series, 






MgCl,. 


Ag, 




Ratio. 


2.78284 


6.30284 




44.152 


2.29360 


5.19560 




44.145 


2.36579 


5.35989 


Mean 


44.130 




, 44.142, 



±.0043 

is series gives slightly higher results than the others, and the 
3r8, for reasons which they assign, discard it: 





Third Series. 




MgCl,. 


Ag, 


Ratio. 


1.99276 


4.51554 


44. '31 


1.78^70 


4.05256 


44.138 


2.12832 


4.82174 


44.140 


2.5i4«3 


5.69714 


44.141 


2.40672 


5-45294 


44.136 


1.95005 


4-41747 


44.144 



Mean, 44.138, =b .0013 

le fourth series, because of the experience gained in the conduct of 
)receding determinations, is best of all, and the authors adopt its 
ts in preference to the others : 





Fourth Series. 




MgCh. 


Ag. 


Ratio. 


2.03402 


4.60855 


44.136 


1. 91048 


4.32841 


44.138 


2.09932 


4.75635 


44.137 


I. 8204 I 


4. 1 2447 


44.137 


1.92065 


4.35151 


44.138 


1.11172 


2.51876 


44.138 



Mean, 44.i37i :t .0003 
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with that of Dumoe as follm 



DiimiVt 44.Z61. ± .0100 

Richsriis and Pnrker, second letjei 44.141. ± -0043 

Richards and Parker, third series 44.138,1^.0013 

Richards and Parker, fouRh series 44.137. tlr .0003 



General n 



.i3S.±-< 



Here the first two values practically vanish, nnd tlie third and (oat 
series of Richards and Parker appear alone. 

To sum up, we now have the suhjoined ratios, bearing upon theaton) 
weight of niiignesinm : 

(I.) MgSO, : BaSO, : : too : 194.003, 4; .oai 

(a.) MgO : MfiSO, : : 100 : 398.210, ± .OIO3 

(3.} Percent, of water in MgSO,, 7H,0. 51.*!, ±.020 

(4.) Per ceni, of MgO in oxalate, 17.3665, ± .00^3 

(5.) Pet cent, of MgO in wibontle, 47-627, ± .0018 

(6.) Per cenl. of Mg in MgO, 60.2845, ± -°°^7 

(7.) 2Ag ! MgCl, : ; 100 : 44.13?, = -txxjj 

(8.) aAgCl : MgCI, : : 100 : 33.136, ± .0013 



To reduce theae ratios we have — 




= 15-879. ± -oooj 
Ag = io7.io8,±.oo3i 

= 35-'79, ±.0048 
S — 31.828, ± .0015 


C = 11.920, ± .0004 
Ba = 136. 39J, i; .0086 
AgCI = 142.287, ±.0037 



For the molecular weight of MgSO,, two values are now calculable: 

t .0137 
fc.0675 



From (1 } MgSO, = 1 19.450, : 

From (3) ■' =119.239,: 



. MgSO. = 



-- .oias 



Hence Mg = 24.099, + .0136. 
For MgO, three values are found : 



From (2) . . 
From (4) . . 
From (5) . . 



3 == 40.091, d 
— 40-404. =• 
= 39 7". :i 



Hence Mg — 24.095, ± .0014. 
For MgCl, there are two values: 

From (7) MbC1, = 94.551, ; 

From (8) " =94-SS3.: 



Hence Mg = 24.194, z 



■ "eCl, = 94-55*. i.oorf 
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ii the aid of these intermediate values, four estimates of the atomic 
, of magnesium are available, as follows : 

From molecular weight of MgSO^. . . . Mg = 24.099, dr .0136 

From molecular weight of MgO •' = 24.095, zt .0014 

From molecular weight of MgCl, ** = 24.194, dz .0099 

From ratio (6) •* =24. 103, ± .0020 

General mean Mg = 24. 100, db .001 1 

= 16, this becomes Mg = 24.283. 

purely chemical grounds the third of the foregoing values, that 
d from magnesium chloride, seems to be the best. I should un- 
tingly adopt it, rejecting the others, were it not for the fact that it 
ipon one compound of magnesium alone, and therefore is not ab- 
ly conclusive. It agrees admirably, however, with the sulphate 
linations of Marignac, and it is highly probable that it may be 
confirmed later by evidence from other sources, 
ignac's data, taken alone, give Mg = 24.197. The fourth series of 
rds and Parker, by itself, gives Mg = 24.180. The approximate 
of these, 24.19, may be preferred by many chemists to the general 
derived from all the observations. 
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ZINC. 

The several determinations of the atomic weight of zinc are by no 
means closely concordant. The results obtained by Gay-Lu8sac*an<I 
Berzelius t were undoubtedly too low, and may be disregarded here. 
We need consider only the work done by later investigators. 

In 1842 Jacquelain published the results of his investigations upon 
this important constant. J In two experiments a weighed quantity of 
zinc was converted into nitrate, and that by ignition in a, platinum cruci- 
ble was reduced to oxide. In two other experiments sulphuric add 
took the place of nitric. As the zinc contained small quantities of lead 
and iron, these were estimated, and the necessary corrections applied. 
From the weights of metal and oxide given by Jacquelain the percent^ 
ages have been calculated : 

Nitric Series. 

9.917 grm. Zn gave 12.3138 gnn. ZnO. 80.536 per cent. Zn. 

9.809 ** 12.1800 ♦* 80.534 ** 

Sulphuric Series. 

2.398 grm. Zn gave 2.978 grm. ZnO. 80.524 

3.197 " 3.9^8 *• 80.570 






Mean of all four, 80.541, ifc .007 

Hence Zn = 65.723. 

The method adopted by Axel Erdmann§is essentially the same afl 
that of Jacquelain, but varies from the latter in certain important details- 
First, pure zinc oxide was prepared, ignited in a covered crucible with 
sugar, and then, to complete the reduction, ignited in a porcelain tube 
in a current of hydrogen. The pure zinc thus obtained was converted 
into oxide by means of treatment with nitric acid and subsequent igni- 
tion in a 'porcelain crucible. Erdmann's figures give us the following 
percentages of metal in the oxide : 

80.247 
80.257 
80. 263 
80.274 



Mean, 80.260, ± .0037 



Hence Zn = 64.562. 



♦ M<^raoire d' Arceuil, 2, 174. 

fGilb. Annal., 37, 460. 

X Compt. Rend., 14, 636. 

I Poggend. Annal., 62, 611. Bcrx. Lchrb., 3. 1219. 
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comparing Erdmaun's results with those of Jacque]nin two 
re worth noticing : First, Erclmann worked with purer material 
iquelain, although the latter applied corrections for the inipuri- 
:b he knew were present ; secondly, Erdinanii calcined hia zinc 
k a porcelain crucible, while Jacquelain used platinum. In the 
W it liHS been shown that portions of zinc may become reduced 
y themselves with the platinum of the crucible ; hence a lower 
if oxide from a given quantity of zinc, a higher percentage of 
id an increased atomic weight. This source of constant error 
oubtedly affected Jacquelain's experiments, and vitiated hia 
I In Erdmann's work no such errors aeem to be present. 
* employed two methods of investigation. First, zinc was dia- 
n sulphuric acid, the hydrogen evolved was burned, and the 
f water thus formed was determined. To his weighings I ap- 
! ratio between metallic zinc and 100 parts of water: 

I'S-^^S E""™' Zn gave 6.918 e'™- H,0, 366.469 

30.369 ■' 8.Z97 " 366024 

31.776 " 8.671 " 3C>6.a63 

Mean, 366.319, ± .088 
[ai = 65.494. 

icond method adopted liy Favre was to burn pure zinc oxalate, 
eigh the oxide and carbonic acid thus produced. From the 
ween these two sets of weights the atomic weight of zinc is easily 
e. From Favre's weighings, if CO, ^= 100, ZnO will be as given 
i column below : 

7.796 grm.ZiiO = 8.365 grm. COj. 93.198 

7-34^ " 7.S83 " 93.137 

5.J065 '■ 5-588 ■■ 9J.173 

Menu, 93.169, ± .an 
= 65.521. 

t these determinations are open to objections. In the water 
1 that the hydrogen should first be thoroughly dried 
Bibustion, and then that every trace of water formed should be 
1 A trivial loss of hydrogen or of w ater would tend to increase 
nt atomic weight of zinc. 

nnabustion of the zinc oxalate equally great difficulties are 
Here a variety of errors are possible, such as are due, for 
t impurity of material, to imperfect drying of the carbon 
Sid to incomplete collection of the latter. Indeed a, fourth 
,oa ia omitted from the aeries as given, having been rejected by 
Dseir. In this case the oxide formed was contaminated by traces 
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Baubigny * in 1883, resorted to the well-known sulphnte I 
Zinc HUlplmU!, elaborately purifted, was dried at 440° to const&ntd 

ant) tliiiri calcincil at a temperature equal to the fusing poiota 
Tliott! data were obtained : 



ZnSO.. 


ZnO. 


Per cenl. ZnO. 


6.699 
8.776 


3.377 
4.424s 


50.410 
50.4 "6 



Mean, 50.413, ± .ooao 

Hciico Zn = fi4.909. 

In Mfirigimu'e determinations of the atomic weight of zinc, publishrf 
alao In l8S3,t there is a peculiar complication. After testing ami ciiti- 
(tiNhiK Home other methods, he finally decided to study the double s)Jl 
KiZnCI,, which, however, is difficult to obtain in absolutely definite 
illtluU. Although the compound was purified by repeated crystxllin- 
lloiiM, it waa found to deliquesce readily, and thereby to undergo paitiil 
illiMuelatiun, losing chloride of zinc, and leaving the porous layer oa th* 
iiryatallino surfaces richer in potassium. In order to erade this diffi- 
uuUy. Marignac placed a large quantity of the salt in a funnel, and col- 
loctwl the liquid product of deliquescence as it ran down. In thb 
protUu^t hi) determined chlorine by volumetric titration with a standini 
auUitloii of silver, and also estimated zinc by precipitation with sodium 
tuirhuuatii, ami weighing as oxide. From the data thus obtained eqoi- 
tiuna worn furnied, giving for each analysis an atomic weight ofsM 
which is Independent of the proportion between ZnCl, and KQintbt 
lUliataucu analyzed. The data unfortunately are too bulky for repw- 
Uunthm hero and the calculations are complex ; but the results found lot 
alno. when Ag - 107.93, CI = 35.457, and K = 39.137, are as folluws; 

I. Onclitration 2n = 6s.2i 

a. Two litntiona ^5-37 

3. Two liimions 65.31 

4, Two litrationi 65.88 

J, One tllntion 65. 36 

lOauh of IhoHe values represents a distinct sample of the deliqueECcd. 
(HftUirUI, anil the number of chlorine determinations is indicated. 

A Muoiinil »iit of determinations was made by the same analytiol 
WeMuxl directly upon the recrystallizcd and carefully dried K,Zn(V 
i^\\^ vnliten for 'In are as follows : 

6. Two litralions Zn = 65 28 

|, Two titration* 63.39 

III Ona lilnition 65.32 

tAreh.ScLPhya.rt Nat. (11,10, 194. 
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In order to adapt these data to the uniform scheme of calculation em- 
ployed in this work, taking into account their probable error and the 
probable errors of the antecedent values for K, CI, and Ag, it seems to 
be best to calculate them back with the atomic weights used by Marignac 
into the form of the ratio Aor^ : K, nCl^ : : 100 : x. Doing this, and tak- 
ing each value as many times as there are titrations represented in it — 
that is, giving the results of a double determination twice the weight of a 
single one — we have the following series of data for the ratio in question : 

From 1 66.090 

Froma 1^"* 

C 66. 1 24 

F«.m3 {2"° 

1 66. 1 10 

From4 {'^"^ 

166. 104 

From 5 66.099 

From 6 {^■''^ 

^ 1 66. 104 

Fromy {^^'^9 

1 66. 1 29 

From 8 66.113 

Mean, 66. u i, ± .0023 

Hence, from Marignac's work, Ag, : K,ZnCl^ : : 100: 66.111, =b .0023, a 
ratio which can be discussed along with others at the close of this chapter. 

During the years between 1883 and 1889, a number of determinations 
were made of the direct ratio between zinc and hydrogen — that is, 
weighed quantities of zinc were dissolved in acid, the hydrogen evolved 
was measured, and from its volume, with Regnault's data, the weight of 
H was computed. First in order are Van der Plaats' determinations,* 
whose results, as given by himself, are subjoined. The weights are 
reduced to a vacuum. Sulphuric acid was the solvent. 

Zn^ grnis, H, litres. Zn = 

6.6725 1. 1424 65.21 

9. "271 1.5643 65.14 

13.8758 2.3767 65.18 

Mean, 65.177, ±.0137 

With the new value for the weight of hydrogen, .089872 gramme per 
litre, this becomes Zn = 64.980, ib .0137. 

Reynolds and Ramsay made 29 determinations of this ratio.f rejecting, 
Wever, all but 5. The weighings were reduced to vacuum, and in each 
experiment the volume of hydrogen was fixed by the mean of seven or 
eight readings. The values for Zn are as follows : 

* Corapt. Rend., loo, 52. 1885. 
tjourn. Chem. Soc., 5I1 854. 1887. 
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65.5060 
65.4766 
65.4450 
65.5522 
65.4141 



Mean, 65.4787, ± .0161 

These values were computed with Regnault's data for the weight c 
Corrected by the new value the mean becomes Zn = 65.280, ±: .016 

A few determinations by Mallet were made incidentally to his wor 
the atomic weight of gold, and appear in the same paper.* Accor 
to these experiments, one gramme of zinc gives — 

341.85 cc. H., and Zn = 65.158 
341.91 " " 65.146 

341.93 " '* 65.143 

342.04 ** '* 65.122 



Mean, 65. 142, ± .003^ 

In this case the Crafls-Regnault weight of H was taken, one liti 
.08979 gramme. Corrected, the mean gives Zn = 65.082, d= .0039. 

Two other series, of determinations of questionable value remai 
be noticed before leaving the consideration of the direct H : Zn r 
They represent really the practice work of students, and are interes 
as an illustration of the closeness with which such work can be d 
The first series was made in the laboratory of the Johns Hopkins 
versity, under the direction of Morse and Keiser,t and contains 51 d( 
minations, as follows : 

Zn = 

64.68 65.74 65.40 

65.26 64.72 64.80 

65.32 65.26 65.20 

65.20 64.74 64.40 

65.60 64.72 65.00 

64.60 65.10 64.40 

65.00 64.76 65.24 

65.68 64.90 64.60 

65.38 64.92 64.80 

65.06 64.64 65.14 

64.84 65.24 64.84 

64.88 64.72 64.82 

65.00 65.20 64.80 

65.08 65.12 64.40 

65.06 66.40 64.60 

64.74 64.60 64.80 

65.12 65.60 64.74 
Mean of all, Zn = 64.997, ±: .0328 

♦Amer. Chem. Journ., 12, 205. 1890. 
t Araer. Chem. Journ., 6, 347. 1884. 
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I 

ted for the diflference between Regnault's value for H and the 
le, this becomes Zn = 64.800, ib .0328. 

econd student series, was published by Torrey,* who gives 15 
lations, as follows : 





Zn = 


65.36 


64.96 


65.30 


64.70 


64.92 


65.00 


64.72 


64.78 


65.04 


64.44 


64.80 


65.24 


65.20 


64.92 


64.90 




Mean, 


64.952, =ir .0436 



jted as in the other series, this gives Zn =^ 64.755, rfc .0436. 

ve corrected means for the ratio H : Zn may now be combined, 

Van der Plaats 64.980, ±. .0137 

Reynolds and Ramsay 65.280, d= .0161 

Mallet 65.082, zfc .0039 

Morse and Keiser 64.800, zb .0328 

Torrey 64.755, =!= .0436 

General mean 65.079, zb .0036 

and Burton, f in their determinations of the atomic weight of 
urned essentially to the old method adopted by Erdmann and 
uelain. Their zinc was obtained spectroscopically pure by dis- 

in a vacuum, and was oxidized by nitric acid which left abso- 
10 residue upon evaporation. The conversion to oxide was 
in a porcelain crucible, which was enclosed in a larger one, and 
tion of the nitrate was carried out in a muffle. In weighing, the 
'■ was tared by one of nearly equal weight. Results as follows : 

Wt. Zn, Wi. ZnO, Per cent. Zn in ZnO, 

1.11616 1.38972 80.320 

1.03423 1.28782 80.308 

1. 1 1628 1.38987 80.315 

1.05760 1.31681 80.316 

I. 04801 1.30492 80.313 

1.02957 1. 28193 80.318 

1.09181 1.35944 80.315 

1.16413 1.44955 80.305 

I. 078 I 4 1.34248 80.305 

I. 12754 1.40400 80.306 

.91112 I. 13446 80.310 

* Amer. Cheni. Journ., lo, 74. 18SK. 
t Amer. Chcm. Jouni., 10, 311. 1SS8. 
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I.iooli 1.36981 80,311 

"■"7038 1.45726 S0.313 

I.0314S 1.38436 80.310 

1.05505 1.31365 80.308 

Mean, S0.3115, ±00084. 

Combining this mean with the means found by the earlier investigfttora, 

Jacquelain 80.541, ± .0070 

Erdmann 80.260, ± .0037 

Mome and Burton S0.3115, ± .000S4 

General me*n 80.317. ± .cxx)8 

Morse and Burton verified by experiment the stability of oride of lioc 
at the temperatures of ignition, and found that it did not diasociste. 
They also proved the absence of oxides of nitrogen from the zinc oxide. 
The investigations of Richards and Rogers,* however, have shown th»l 
zinc oxide prepared by ignition of the nitrate always carries ga,aeotu 
occlusions, bo that the atomic weight of zinc computed from the data of 
Morse and Burton is probably too low. But for that objection, their woA 
would leave little to be desired on the score of accuracy. 

The determinations made by Gladstone and Hibbard t represent still 
another process for measuring the atomic weight of zinc. Zinc was ^^i^ 
solved in a voltameter, and the same current was used to precipitata 
metallic silver or copper in equivalent amount. The weight of zinc dis- 
solved, compared with the weight of the other metal thrown down,giTe( 
the atomic weight souglit for. Two voltameters were used in the experi- 
ments, giving duplicate estimates for zinc with reference to each weir- 
ing of silver or copper. The silver series is as follows, witli the ratio 
Ag, : Zn : : 100 : x in tlie third column : 

2u. Ag. Ratio. 

.7767 a.5589 30.353 

.7758 a.5589 30.318 

.59!i7 '-9551 30.316 

.5934 '-9S5I 30.300 

.JJ77 -75"7 30.J91 

.nil .7517 30345 

.745a a.45SS 30307 

.7475 '-«88 30.401 

.8770 a.9000 30.141 

.8784 a.9000 30.190 

.9341 3-0809 30-3'9 

.9347 3.0809 3 0-339 

Mean, 3O.318, i: .0077 

• Ptoc. Amer. Kat&., i9m. joo. 

t Journ, Chem. Soc.. si. 4«. "S**. 
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jopper series I add the ratio Cu : Zn : 

Zn, Cu. 

.7767 .7526 

.7758 .7526 

.5927 .5737 

.5924 .5737 

.2277 .2209 

.2281 .2209 

.8770 .8510 

.8784 .8510 

.9341 .9038 

•9347 .9038 



100 :a;. 



Ratio. 
103.13 
103.08 

103.31 
103.26 

103.08 

103.26 

103.05 

103.22 

103.36 

103.42 



Mean, 103.22, :fc .0261 

s and Rogers * in their investigation of the atomic weight of 
ed the anhydrous bromide. This was prepared by solution 
:ide in hydrobromic acid, evaporation to dryness, and subse- 
illation in an atmosphere of carbon dioxide. In some experi- 
fvever, the bromide was heated in an atmosphere of nitrogen, 
ith gaseous hydrobromic acid. All water can thus be removed, 
•rmation of oxy bromides. 

3 bromide so obtained was dissolved in water, and precipitated 
lution containing a known amount of silver in the form of 
The silver bromide was weighed on a G^och crucible, and the 
k: ZnBr, thus found. An excess of silver was always used, 
B series of experiments it was estimated by precipitation with 
nic acid. Deducting the excess thus found from the original 
►f silver, the amount of the latter proportional to the zinc 
vas found ; hence the ratio Ag^ : ZnBr,. The results, with 
eights, are as follows : 

Series A, 



ZnBr^. 




AgBr. 


Ratio. 




1. 69616 




2.82805 


59.976 




1. 98 1 98 




3.30450 


59.978 




1.70920 




2 84949 


59.984 




2.35079 




3.91941 


59.978 




2.66078 




4.4375 > 
Sevus B, 


59-961 
Mean, 59975. 


±.0034 




^^. 


AgBr. 


Ag Ratio. 


AgBr Ratio. 


2. 


24063 


3.90067 


104.382 


59-959 


I. 


.88837 


3.28742 


104.398 


59.969 


3. 


,05971 


358539 


104.376 


59.961 


I. 


92476 


3.35074 


104 41 1 


59-977 




Mean, 104.392, Mean, 59.967, 








-^-.oo54 


=b .0027 



♦Zeitsch, Anorg. Chem., 10, i. 1895. 
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At the end of the same paper, Richards alone gives two more series 
determinations made upon zinc bromide prepared by the action of pi 
bromine upon pure electrolytic zinc. The bromide so obtained ^ 
further refined by sublimation or distillation, and dried by heating it 
stream of carbon dioxide and gaseous hydrobromic acid. Thus w 
ensured the absence of basic salts and of water. The weights and resu 
found in the two series were as follows : 

Series C. 



ZnBr^. 

6.23833 
5 26449 
9.36283 


5.9766 

50436 
8.9702 


Ratio, 

104.379 
104.380 

104.377 



Mean, 104.379, dz .0007 



Series D, 



ZnBr^. 


AgBr, 


Ratio, 


2.65847 


4.43358 


59.962 


2.30939 


3.85149 


59.961 


5.26449 


8.77992 


59.961 
Mean, 59.961, 



.0004 

In some details of manipulation these series differ from those gi' 
by Richards and Rogers jointly, but their minutise are not essentia 
the present discussion. 

Combining these several series, we have — 

For Ag2 : ZnBr^ : : 100 : x. 

Series B 104.392, d= .0054 

Series C 104.379, ± .0007 

General mean 104.380, ± .0007 



For 2 AgBr : ZnBr^ : : 100 : x. 

Series A 59-975, ± .0034 

Series B 59.967, db .0027 

Series D 59-96i, db .0004 

General mean 59.962, =b .0004 



From the Ag ratio ZnBr, = 223.599, =b .0066 

From the AgBr ratio ** = 223.601, db .0066 

General mean ZnBr, = 223.600, dr .0047 

And Zn = 64.912, ± .0133 
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computing the atomic weight of zinc we now have these ratios : 

(I.) Per cent. Zn in ZnO, 80.317, dz .0008 
(2.) Per cent. ZnQ in ZnS04, 50.413, db .0020 
(3.) H,0 : Zn : : 100 : 366.319, ± .088 
(4.) 2CO, : Zn : : loo : 93.1(59, zt .012 
(5.) H : Zn : : I : 65.079, d= .0036 
(6.) Ag^ : KjZnCl^ : : 100 : 66. 1 1 1, dz .0023 
(7.) Ag, : Zn : : 100 : 30.318, zb .0077 
(8.) Cu : Zn : : 100 : 103.22, db .0261 
(9.) Ag, : ZnBrj : : 100 : 104.38, db .«x>7 
(10.) 2AgBr : ZnBr^ : : 100 : 59.962, ± .0004 

antecedent atomic weights, with H = 1, are — 

O t= 15.879,^.0003 C = 11.920, zb. 0004 

CI = 35.179, zb .0048 S I = 31.828, zb .0015 

Br = 79.344, zb .0062 Cu = 63.119, zb .0015 

Ag = 107. 108, zb .0031 AgBr = 186.452, zb .0054 

K = 38.817, dz. 0051 

li these data, combining ratios 9 and 10 into one (see preceding 
aphs), we have nine independent values for the atomic weight of 
s follows : 



From (i 
From (2 
From (3 
F>om (4 
From (5 
From (6 
From (7 
From (8 
From (9 



Zn = 64.795, ± .0030 

" = 64.909, db .0073 

** = 65.494, zb .0019 

" = 65.521, ztz .0115 

" = 65.079, zb .0036 

*' = 64.891, zb .0253 

** = 64.947, ± .0166 

** =65.151, ±: .0166 

and (10) ** = 64.912, zb .0133 



General mean of all Zn =: 65. 152, db .0014 

With 0=16 Zn = 65.650 

hese values, Nos. 3 and 4, representing Favre's work, are unques- 
ly far wrong. Rejecting them, the general mean of the remaining 
values becomes — 

Zn = 64.912, zb .0021. 

= 16, this gives Zn = 65.407. These figures are identical, except 
irds the lower probable error, with the result deduced from Rich- 
nd Rogers' determinations alone, and they may be taken as 
2tory. 
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CADMIUM. 

The earliest determination of the atomic weight of this metal was by 
Stromeyer, who found that 100 parts of cadmium united with 14.352 of 
oxygen.* With our value for the atomic weight of oxygen, these figures 
make Cd = 110.64. This result has now only a historical interest. 

Tlie more modern estimates of the atomic weight of cadmium hej^ 
with the work of v. Hauer.f He heated pure anhydrous cadmium sul- 
phate in a stream of dry hydrogen sulphide, and weighed the cadmium 
sulphide thus obtained. His results were as follows, with the percent- 
age of CdS in CdSO^ therefrom deduced : 

7.7650 grm. CdSO^ gave 5.3741 grm. CdS. 



6.6086 




4.5746 


7.3821 




5.i'i7 


6.8377 




4.7336 


8.1956 




5.6736 


7.6039 




5-2634 


7.'4i5 




4.9431 


5.8245 




4.0335 


6.S462 




4.7415 



it 
<c 
<< 
t< 
«< 
<< 



69.209 per 


cent 


69.222 ' 




69.245 ' 




69.228 ' 




69.227 




69.220 ' 




69.217 




69.251 




69.257 





Mean, 69.231, d= .0042 

LonssonJ worked uix)n pure cadmium oxalate, handling, however, 
only small quantities of material. This salt, upon ignition, leaves the 
following percentiiges of oxide: 

.5i2Sgnn. oxalate gave .32S1 giro. CdO. 63.982 per cent 

.655a «* .4193 '• 63.996 

.4017 ** .2573 ** 64.053 



<< 
<< 



Mean, 64.010, ±. .014 

l>uma4is|| dissolved pure cadmium in hydrochloric acid, evaporated 
tho solution to dryness, and fused the residue in hydrochloric acid gas. 
The cadnuum chloride thus obtAineil was dissolved in water and titrated 
with a solution of silver after the usual manner. From Dumas' weigh- 
inj^ I oaloulato tho nuio betweini CdCljand 100 parts of silver: 



a.3N> gnn. 


caci, 


_ ^701 grm 


. Ag. 




84,880 


4*540 




5.54S 




• 


84.892 


^.»:7 




7.260 






85.083 


2.4^M 




2.S41 






84.618 


.^.5525 




4.166 






«4.794 


4.045 




4.7^7 






«4-79^ 










Mean' 


; 84.843, db .026 



• S*^ Bcr» l.chr^woh. flh Anil .. ^ mo. 
-» loum :::r rmki. Chcra., ra. 350. I^. 
I 1*^nrTj. f..r Prakl. Chein.. 70. aSi. 
\Tin. Chcrn. rhArm.. u.vr*- 31460. 
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Next in order comes Huntington's* work, carried out in the laboratory 
»t J. P. Cooke. Bromide of cadmium was prepared by dissolving the 
carbonate in hydrobromic acid, and the product, dried at 200°, was puri- 
fied by sublimation in a porcelain tube. Upon the compound thus ob- 
tained two series of experiments were made. 

In one series the bromide was dissolved in water, and a quantity of 
silver not quite suflBcient for complete precipitation of the bromine was 
then added in nitric acid solution. After the precipitate had settled, 
the supernatant liquid was titrated with a standard solution of silver 
containing one gramme to the litre. The precipitate was washed by de- 
cantation, collected by reverse filtration, and weighed. To the weigh- 
ings I append the ratio between CdBr, and 100 parts of silver bromide : 



1. 5592 gnn. 


CdBr, 


gave 2.1529 grm. AgBr. 


Ratio, 


72.423 


* 3.7456 




5.1724 






72.415 


2.4267 




3.3511 






72.415 


* 3.6645 




5.0590 






72.435 


* 3.7679 




5.2016 






72.437 


2.7938 




3.85«3 






72.410 


* 1.9225 




2.6552 






72.405 


3.4473 




4.7593 






72.433 



Mean, 72.4216, ± .0028 

The second series was like the first, except that the weight of silver 
needed to effect precipitation was noted, instead of the weight of silver 
bromide formed. In the experiments marked with an asterisk, both the 
amount of silver required and the amount of silver bromide thrown down 
were determined in one set of weighings. The third column gives the 
CdBr, proportional to 100 parts of silver : 

* 3. 7456 gnu. CdBr, = 2.9715 grm. Ag. 126.051 



5.0270 




39874 




126.072 


•3.6645 




2.9073 




126.045 


•3.7679 




2.9888 




126.067 


* 1.9225 




1.5248 




126.082 


2.9IOI 




2.3079 




126.093 


3.6510 




2.8951 




1 26. 1 10 


3.9782 




3«55i 




126.088 




Mean, 126.076, 



:.0052 

According to Huntington's own calculations, these experiments fix the 
wtio between silver, bromine, and cadmium as Ag : Br : Cd : : 108 : 80 . 
112.31. 

In 1890, Partridge t published determinations of the atomic weight 
of cadmium, made by three methods, the weighings being reduced to 

• Proc. Araer. Acad., 1881. 

t Aracr. Journ. Sci. (3), 40, 377. 1890. 
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vacuum standards throughout. First, Lenssen's method was iolh 
viz., the ignition of the oxalate, with the subjoined results : 



CdQO,. 


CdO, 


Percent. CdO, 


1.09898 


.70299 


63.966 


I. 21548 


.77746 


63.962 


1.10711 


.70807 


63.957 


I. 17948 


.75440 


63.959 


1. 16066 


.74327 


63.959 


1. 17995 


.75471 


63.964 


I..H227 


.85864 


63.968 


I.43154 


.91573 


63.970 


i-535»o 


.98197 


63.968 


1.41311 


.90397 


63.97< 



Mean, 63.964, db .0010 

Secondly, v. Hauer's experiments were repeated, cadmium sulpl 
being reduced to sulphide by heating in a stream of H,S. The follow 
data were obtained : 



CdSO,. 


CdS. 


Percent, CdS. 


1. 60514 


I.I 1076 


69.204 


1. 5583' 


1.07834 


69.197 


1.67 190 


I. 15669 


69.1^5 


1.66976 


1. 15554 


69.200 


1.4082 I 


.97450 


69. 202 


1.56290 


I. 08156 


69.205 


1.63278 


1. 1 2985 


69.194 


1.58270 


1.09524 


69.198 


1.53873 


1. 0648 1 


69.201 


1.70462 


1. 17962 

1 


69.201 
Mean, 69.199, ±.0012 




V. 


Hauer found, 69.231, ± .004^ 



General mean, 69.202, ±.0012 

In the third s<3t of determinations cadmium oxalate was transforoi 
to sulphide by heating in H,S, giving the ratio CdCjO^ : CdS : : 100: 3? 



CdC^O,. 


CdS. 


Percent CdS. 


1.57092 


I. 13065 


71.972 


1.73654 


1.24979 


7«.973 


2. 19276 


1.57825 


71-974 


1.24337 


.89492 


71.974 


1.18743 


.85463 


71.975 


1.54038 


I. 10858 


71.968 


1.38905 


.99974 


71.976 


2.03562 


1. 465 1 7 


71.979 


2.03781 


1.46658 


71.970 


I. 9 I 840 


1.38075 


71.971 



Mean, 71.973, d= .0007 
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'his work of Partridge was presently discussed by Clarke,* with ref- 
ice to the concordance of the data, and it was shown that the three 
OS determined could be discusaed algebraically, giving; values for the 
inic weights of Cd, S, and C, when = IG. 'I'hese values are — 

Cd'^ 111.7850 

C = 11.9958 



I are independent of all antecedent values except tiiat aaaumed for 
standard, oxygen. 

ilorse and Jones, t starting out from cadmium purified by fractional 
lillation in vacuo, adopted two methods for their determinations. 
ut, they efiected the synthesis of the oxide Irom known weights of 
tal by dissolving the latter in nitric acid, evaporating to dryness, and 
>sequent ignition of the product. The oxide thus obtained was found 
be completely free from oxides of nitrogen. The weighings, which are 
en below, were made in tared crucibles. The third column gives the 
•centage of Cd in CdO. 



I 



Cd Taken. 


CdO Found. 


Percent. Cd. 


1.77891 


2.03388 


87.507 


I.8M9J 


2.08544 


87,508 


1.74688 


1.99626 


87.507 


1.57000 


I.794IS 


87.505 


:.9S48. 


a. 36830 


S7.506 


2.27297 


a.59751 


87.504 


1.75695 


2.00775 


87.508 


:. 70038 


1.94305 


87-505 


f-9"J7 


2.19679 


87.50S 


1.91081 


2.19502 


87.508 



87.50(16, zb ,00032 



The second method employed by ilorse and Jones was that of I^nssen 
th oadmiuDi oxalate. This salt they find to be somewhat hygroscopic, 
[iro[ierty against which the operator must be on his guard. The data 
und are as follows : 



I 



CdC^O^. 

'■53937 
1-77483 

1.70238 
'.74447 



CdO. 


fer cenl. CdO. 


.98525 




64.004 


..i35S^ 




63996 


1.08949 




64.00S 


1.0S967 




64.004 


1.1.65. 




64.00J 




Meai 


1, 64.00J, ± 



I 



I.orimer and Smith, like Morse and Jones, determined the atomic 
ffeight of cadmium by means of the oxide, but by analysis instead of 
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Bories is followed by a similar one with cadmium bromide, the latter 
having boon sublimed in vacuo. Results as follows : 



CdBr^, 


AgBr. 




Ratio, 


439941 


6.07204 




72.454 


3.18030 


4.38831 




72.472 


3.60336 


4.97 « SO 




72.480 


4.04240 


5.58062 




72.453 


3.60505 


4.97519 




72.461 






Mean, 


, 72.464, -4- .0035 




Huntington 


found, 


72.4216, -^- .0028 



Genera] mean, 72.438, =b .0022 

In order to fix a minimum value for the atomic weight of cadmium, 
Buoher effected the synthesis of the sulphate from the metal. 1.1-5781 
grammes of cadmium gave 2.14776 of sulphate. 

Hence Cd = 111.511. 

The sulphate produceii was dried at 400**, and afterwards examined 
for free sulphuric acid, giving a correction which was applied to the 
weighings. The correctetl weight is given above. Any impurity iu the 
sulphate would tend to lower the api^arent atomic weight of cadmium, 
and thorefori^ the result is Wlieved bv the author to be a minimum. 

Finallv, Hucher examineii the oxide method followed bv Morse and 
Jones. The svntheses of oxide were effected in double crucibles, first 
with In^th crucibles in^reelain, and afterwards with the small inner cnici- 
bio of platinum. Two experiments were made by the first method, three 
by the hvst. Weights and i>ercentages (Cd in CdO) as follows: 

Cd. CdO, Ptfceniage, 

V «.«^t4i i.44»44 87.5" 

'( .00785 1.14035 S7,5Q» 

Mean, 87.50S 

i'lit^^t 1.27247 S74S4 

. 1.034*2 1.17054 ^7-491 

(^ a,ScK»6o 5.21 152 87,487 

If eaa^ S7-4S7 

\ Mean of aU » one series, $7.495« =: *^Vi 



The two means given alv>ve. reprwientinir woit dooe with j»<»rvelain 
and with platinum oniciMcs, o^MTespond to a differenoe of about 0.2 in 
the at<^mio wevcht of oadmium. Ex^^enments weK made with pui« 
oxide of cadmium by c»Mireninir it imH> nitrate and then back to oxide, 
rx.Sit^iy as in thr lon^oinc svrit.heses. In eacb case the oxide obtained 
at the end of the ojv-rat.ion re]»resented an increase in weight but th 
inorea.^ was creator in platinum than in poTMsbdn. Henoe the wei^ 
incs of cj^dnv.UTi. oxide in the fowHroiM d<ltasinwalmtt prohaMyi 
f^ub^cvi to constant errors, and canrtot betmsteltftfizdMataBBiewfi^l 
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dmium. Their mean, taken in one series, has really no significance ; ^| 


lis the computations in 


this work in\ 


olve a study of compensation ^H 


Tore, the data may be combined with their predecessors, aa follows : ^^ 


L Morse and Jones.... 




... 87.5066,^.00032 ^^^1 


B Lorimerand Smith. 




. . 87-5044, ± -0023 ^^1 


P Hachtt. 




. . S7.495, ± .0035 ^^ 


General mean 




... ftl.CCMU J-.ODOI ^^1 


lis is equivalent to the absolute rejection of Bucher's data, and is ^H 


efore not wboUy fair to them. His work throws doubt upon the ^| 


Jity of the ratio, as dete 


rmined, altogether. ^H 


he latest determinations relative to th 


3 atomic weight of cadmium ^^| 


those of Hardin,* who effectetl the electrolysis of the chloride and ^| 


nide, and also made a 


direct comparison between cadmium and ^H 


■r. The aqueous solutions of the salts, mixed with potassium ^| 


lide, were electrolyzed 


in platinum 


dishes. The cadmium which ^M 


ed as the starting point 


for the investigation was purified by distil- ^H 


>n ill hydrogen, All weights are reduced to a vacuum. The data ^| 


he chloride series are as follows, with 


a column added for the per- ^H 


ageofCdinCdCl,: 




■ 


Wefg-he CdCL,. 


WeisAi Cd. 


Pcrcenlage Cd. ^H 


.43 HO 


.26422 


■ 


.49165 


.30112 


H 


-7>752 


.43941 


^H 


-7^188 


.4420S 


^H 


.77264 


■47319 


^H 


.81224 


.49742 


61.140 ^H 


.90022 


■SS'3S 


■ 


1.02072 


.62505 


^H 


1 . 26312 


.77365 


61.144 ^H 


" -5^344 


■933'4 


Mean, 61.744, ± .0010. ^H 


he results for the broni 


du, similarly stated, are these: ^| 


Weighl CdBr.,. 


Weighl Cd. 


Percentage Cd. 


L -57745 


.*3790 


4...98 


■ 


76411 


.31484 


41.103 


K 


91835 


■3784J 


41.K17 


\ ' 


01460 


.4. 80S 


4.. 206 


■ 


15074 


.47414 


41.203 


■ ' 


a47S" 


-5'39i 


41.196 


■ 


IS9S1 


.51905 


41.ZI0 


■ 


5.805 


.62556 


41.20S 


I 


6J543 


.67378 


41. '99 


1 ' 


'534! 


.887J2 


41. »o 


^ 




Mean, 41.203. ±00.0. 


L: 




8.10.6. 1S9S. 
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The direct comparison of cadmium and silver was effected by the 
simultaneous electrolysis, in the same current, of double cyanide solu- 
tions. Silver was thrown down in one platinum dish, and cadmium in 
another. The process was not altogether satisfactory, and gave diver- 
gent results, those which are cited below having been selected by Ha^ 
din from the mass of data obtained. I have added in a third column 
the cadmium proportional to 100 parts of silver : 



Hght Cd, 


Weight Ag, 


Ratio, 


.12624 


•24335 


51.876 


.11032 


.21262 


51.886 


.12720 


.245«5 


51.887 


.12616 


. •2433« 


51.852 


.22058 


.42520 


51.877 



Mean, 51.876, rb .0041 

For cadmium we now have the followins: ratios : 



'o 



(I.) Per cent, of Cd in CdO, 87.5064, ± .0003 

(2.) Per cent, of CdO in CdCjO^, 63.966, d= .0010 

(3.) Per cent, of CdS from CdCjO^, 71.974, ifc .0007 

(4.) Per cent, of CdS from CdSO^, 69.202, zh .0012 

(5.) Agj : CdCl, : : 100 : 84.843, dr .0260 

(6.) 2AgCl : CdCl, : : lOO : 63.916, db .0032 

(7.) Ag, : CdBr, : : 100 : 126.076, ± .0052 

(8.) 2AgBr : CdBr, : : 100 : 72.438, rb .0022 

(9.) Per cent, of Cd in CdCl,, 61.244, ± .0010 

(10.) Per cent of Cd in CdBr,, 41.203, ifc .0010 

(11.) 2Ag : Cd : : lOO : 51.876, d= .004I 

Bucher's single experiment upon the synthesis of the sulphate, althougb 
important and interesting, cannot carry weight enough to warrant itfi 
consideration in connection with the other ratios, and is therefore not 
included. 

The antecedent values, for use in computation are — 

O = 15.879, zt .0003 s = 31.828,^.00x5 

Ag= 107.108, rb .0031 C = 11.920, zb .0004 

CI =z 35- '79, ± .0048 AgCl = 142.287, dt .0037 
Br = 79.344, ± .0062 AgBr = 186.452, ± .0054 

For the molecular weight of cadmium chloride, two values are now 
deducible : 

From (5) CdCl, = 181.739, db .0560 

From (6) ** =■ i8u888, ± .0103 

General mean CdCl, = 181.883, ± .0138 

Hence Cd = 111.525, ± .0138. 
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r cadmium bromide we have- 



From (7) CdBr, 

From (8) 



CI 



270.073, 

270.124, 



.0136 
.0113 



General mean CdBr, = 270. 105, dt .0087 

;nce Cki = 111.417, ± .0151. 

r cadmium there are nine independent values, as follows 



From (3) Cd = 

From (4) 

From (2) 

From (11) 

From (9) 

From (10) 

From (i) 

From molecular weight Cd Br^ 

From molecular weight CdCl, ..... 



(< 



<t 



<< 



(< 



<4 



4( 



<( 



i< 



General mean Cd = i 



0.793. 
0.890, 

1.004, 
i.«27, 

1. 183, 
1.202, 

1.227, 

1.417, 
«.525, 



±.0081 
db.0069 
db.0047 
±.0095 

±.0155 
±.0093 

db.0034 

± .6151 

db .0138 



1. 100, ih .0022 



= 16, Cd = 111.947. 

is result is obviously uncertain. The data are far from being con- 
ve, however, and I am therefore inclined to trust the mean rather 
any one of the values taken separately. It is quite possible that 
lighest of all the figures may be nearest the truth, as Bucher's ex- 
nents seem to indicate ; but until new evidence is obtained it would 
ly be wise to' make any selection. The mean obtained agrees well 
the data of Morse and Jones, Lorimer and Smith, and Hardin. 
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MERCURY. 

In dealing with the atomic weight of mercury we may reject the early 
determinations by Sefstrom * and a large part of the work done by Tur- 
ner.f The latter chemist, in addition to the data which will be cited 
below, gives figures to represent the percentage composition of both the 
chlorides of mercury ; but these results are neither reliable nor in proper ' 
shape to be used. 

First in order we may consider the percentage composition of mercuric 
oxide,' as established by Turner and by Erdmann and Marchand. In 
both investigations the oxide was decomposed by heat, and the mercury 
was accurately weighed. Gold leaf served to collect the^last traces of 
mercurial vapor. 

Turner gives four estimations. Two represent oxide obtained by the 
ignition of the nitrate, and two are from commercial oxide. In the first 
two the oxide still contained traces of nitrate, but hardly in weighable 
proportions. A comparison of the figures from this source with the others J 
is sufficiently conclusive on this point. The third column represents the ! 
percentage of mercury in HgO : 

144 805 grains Hg = 1 1. 54 grains O. 92.619 per cent. 

125.980 " 10.08 " 92.592 " 

173.561 ** 13.82 ** 92.625 



114.294 ** 9.101 ** 92.630 



«c 



Mean, 92.614, db .0050 

In the experiments of Erdmann and Marchand J every precaution was 
taken to ensure accuracy. Their weighings, reduced to a vacuum stand- 
ard, give the subjoined percentages : 

82.0079 grm. HgO gave 75-9347 g^m. Hg. 92.594 per cent. 



51.0320 


n 


47.2538 


C( 


92.597 


(( 


84.4996 


(( 


78.2501 


«l 


92.604 


<( 


44.6283 


(1 


41.3285 


<< 


92.606 


l« 


118.4066 


<< 


109.6408 


u 


92.597 


<< 



Mean, 92.5996, ±. .0015 

Hardin's determination of the same ratio, being different in character, 
will be considered later. 

With a view to establishing the atomic weight of sulphur, Erdmant* 
and Marchand also made a series of analyses of pure mercuric sulphide- 
These data arc now best available for discussion under mercury. Tb^ 

•Scfstrftm. Berz. I^chrb., 5th ed., 3, 1215. Work done in i8ia. 

t Phil, Trans., 1833, 531-535. 

X Journ. fur Prakt. Chera., 31, 395. 1844. 
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iulphide was mixed with pure copper and ignited, mercury distilling 
)ver and copper sulphide remaining behind. Gold leaf was used to 
retain traces of mercurial vapor, and the weighings were reduced to 
vacuum : 



34.3568 grm. HgS gave 29.6207 grm. Hg. 


86.215 P^r cent. Hg 


24.8278 *' 2 1. 4029s " 


86.206 


37 2177 ** 32.08416 " 


86.207 


80.7641 ** 69.6372 


86.223 *♦ 



Mean, 86.2127, ± .0027 

For the percentage of mercury in mercuric chloride we have data by 
Turner, Millon, Svanberg, and Hardin. Turner,* in addition to some 
precipitations of mercuric chloride by silver nitrate, gives two experi- 
ments in which the compound was decomposed by pure stannous 
chloride, and the mercury thus set free was collected and weighed. The 
results were as follows : 

44.782 grains Hg =15.90 grains CI. 73-798 per cent. 

73.09 " 25.97 •* 73.784 " 

Mean, 73.791, dt .005 

Millon t purified mercuric chloride by solution in ether and sublima- 
tion, and then subjected it to distillation with lime. The mercury was 
collected as in Erdmann and Marchand's experiments. Percentages of 
rnetal as follows : 

73.87 
73.81 

73.83 
73.87 



Mean, 73.845, dz .010 

Svanberg, J following the general method of Erdmann and Marchand, 
made three distillations of mercuric chloride with lime, and got the 
following results : 

12.048 grm. HgClj gave 8.889 g'^™. Wg« 73.780 per cent. 

12.529 ** 9.2456 ** 73.794 " 

12.6491 " 9.3363 " 73.810 *' 



Mean, 73.795, ± .006 

The most recent determinations of the atomic weight of mercury are 
due to Hardin,§ whose methods were entirely electrolytic. First, pure 
mercuric oxide was dissolved in dilute, aqueous potassium cyanide, and 

•Phil. Trans., 1833, 531-535. 
t Ann. Chim. Phys. (3), 18, 345. 1846. 
X Journ. fur Prakt. Chem., 45, 472. 1848. 
I Journ. Amer. Chem. Soc., 18, 1003. 1896. 
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electrolyzed in a platinum dish. Six determinations are publishi 
of a larger number, but without reduction of th^ weights to a va 
The data, with a percentage column added, are as follows : 



IVei^/it HgO. 


Weight Hg. 


Per cent. Hg. 


.26223 


.24281 


92.594 


.23830 


.22065 


92.593 


.23200 


.21482 


92.595 


.14148 


.13100 


92.593 


.29799 


.27592 


92.594 


.19631 


.18177 


92.593 



Mean, 92.594, rb oooj 

Various sources of error were detected in these experiments, a 
series is therefore rejected by Hardin. It combines with previous 
as follows : 

Turner 92.614, db .0050 

Erdmann and Marchand 92.5996, db .0015 

Hardin 92.594, zt .0003 

General mean 92.595, =b .0003 

Hardin also studied mercuric chloride, bromide, and c^^anide, a 
direct ratio between mercury and silver, with reduction of weigh 
vacuum. Electrolysis was conducted in a platinum dish, as 
With the chloride and bromide, the solutions were mixed with 
potassium cyanide. The data for the chloride are as follows, tl 
centage column being added by myself: 

Weight HgCl^ Weight Hg, Per cent. Hg. 
.45932 .339»2 73.831 

.54735 -40415 73838 

.56002 .41348 73.833 

.63586 .46941 73.823 

.64365 .47521 73.83< 

.73281 .54101 73.827 

.86467 .63840 73.832 

1.06776 .78825 73823 

1.07945 .79685 73.820 

1. 51402 I.I 1780 73.830 

Mean, 73.829, d: .001 

Combining this with the earlier determinations, we have — 

Turner 73.791, rb .0050 

Millon 73.845, dr .0100 

Svanberg 73.795, ± .0060 

Hardin 73829, zb .001 2 



General mean 73-826, th .001 



I 
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''or the bromide Hardin's data are — 



Weight HgBr^. 
.70002 

.56430 

.57H2 

.77285 

.80930 

.85342 
1. 1 1076 
I 17270 
1.26186 
1. 40 1 42 



Weight Hg, 

.38892 

.31350 

.31750 
.42932 

.44955 
.47416 

.61708 

.65145 
.70107 

.77870 



Per cent, Hg, 

55-558 
55.555 
55.563 
55.550 
55.548 
55.560 

55.555 
55.55* 
55.559 
55.565 







Mean, 55.556, dz 


)r the cyanide — 






Weight HgC^N^. 


Weight Hg. 


Per cent. Hg. 


.55776 


.44252 


79.337 


.63290 


.50215 


79.341 


.70652 


.56053 


79.337 


.80241 


.63663 


79.340 


.65706 


.52130 


79.338 


.81678 


.64805 


79.342 


1.07628 


.85392 


79.340 


1. 22615 


.97282 


79.339 


1.66225 


1. 31880 


79.338 


2. 1 1 170 


1.67541 


79.339 



Mean, 79.339, ±.0004 

I the last series cited no potassium cyanide was used, but the solution 
aercuric cyanide, with fhe addition of one drop of sulphuric acid, 
electrolyzed directly. 

le direct ratio between silver and mercury was determined by throw- 
lown the two metals, simultaneously, in the same electric current. 
I metals were taken in double cvanide solution. With Hardin's 
valent weights I give a third column, showing the quantity of mer- 
corresponding to 100 parts of silver. Many experiments were re- 
d, and only the following seven are published by the author: 



Weight Hg. 


Weight Ag. 


Ratio. 


.06126 


.06610 


92.678 


.06190 


.06680 


92.665 


.07814 


.08432 


92.671 


.10361 


.11181 


92.666 


.15201 


.16402 


92.678 


.26806 


.28940 


92.626 


.82808 


.89388 


92.639 



Mean, 92.660, ih .0051 
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We now have six ratios involving the atomic weight of mercurj 
follows : 

(i.) Per cent, of Hg in HgO, 92.595, ± .0003 

(2.) Per cent, of Hg in HgS, 86.2127, d= .0027 

(3.) Per cent, of Hg in HgCl,, 73.826, ± .0011 

(4.) Per cent, of Hg in HgRr^, 55.556, zt .0012 

(5.) Per cent, of Hg in HgC,Nj, 79.339, ifc .0004 

(6.) 2Ag : Hg : : 100 : 92.660, d: .0051 

The calculations involve the following values : 

O = 15.879, zb .0003 Br = 79.344, ± .0062 

Ag= 107.108, dt .0031 S =31.828,^.0015 

CI = 35.179,^.0048 C = 11.920, dz .0004 

N =r 13.935, db .0021 

Hence the values for mercury are — 

From (I) Hg = 198.557, =b .0084 

From (2) " = 199.027, zt. .0406 

From (3) ** = 198.482, dz .0285 

From (4) " = 198.364, dz .0170 

From (5) " = 198.568, zt .0170 

From (6) ** = 198.493, dz .0124 

General mean Hg = 198.532, dz .0059 

If = 16, Hg = 200.045. 

But according to Hardin the value derived from the analyses of n 
curie oxide is untrustworthy. Rejecting this, and also the abnormj 
high result from the sulphide series, the general mean of the four 
maining values is — . 

Hg = 198.491, dz.ooS3, 

or, with = 16. Hg = 200.004. These figures seem to be the best 
the atomic weight of mercury. 



BORON. 

In the former edition of this work the ilata relative to Ijoron were few 
od unimportant There was a little ivork ou record by Berzelius and 
y Laurent, and this was eked out by a discussion of Deville's analyaea 
f boron chloride and bromide. As the latter were not intended for 
tomic weight determinations they will be omitted from the present re- 
ftlculation. which includes the later researches of Hoskyns-Abrahall, 
Camsay and Aaton, and Rimbadi. 

Berzelius* based his determination upon three concordant estinia- 
ions of the percentage of water in borax. Laurentf made use of two 
imilar estimations, and all five may be properly put in one series, thus : 

«..o| 

47.10 ^Berzelius. 

47- .0 J 

47.20 ( 
.Mean,47.ij, ± .013 

In 1892 the posthumous notes of the late Hoskyns-Abrahall were 
«diled and published by Ewan and Hartog. X This chemist especially 
studied the ratio between boron bromide and silver, and also redeter- 
mined the percentage of water in crystallized borax. The latter work, 
which was purely preliminary, although carried out with great care, gave 
the following results, reduced to vacuum standards : 



.BfiylOHfi. 


Na^Bfi,. 


Ptr cent. H,0. 


7.00667 


3.69587 


47.!«o69 


13.95936 


6.S2;6o 


47.3308 


4,658.2 


2.45248 


47.3504 


4.47308 


3-9J956 


47.^763 


4.94504 


2.60759 


47.2686 
M«n,47.a866,±. 



Two sets of determinations were made with the bromide, which was 
prepared from boron and bromine directly, freed from excess of the 
Utter by standing over mercury, and finally collected, ailer distillation, 
in small, weighed, glass bulbs. It was titrated with a solution of silver 
after all the usual precaution.s. The firat series of experiments was as 
follows., with BBr, proportional to 1 (W parts of silver stated as liie ratio : 




THE ATOMIC WEIGHTS. 



BBr^. 






'^^■ 


Ratio. ^1 


i.3i»3 




1.69406 


77-449 ^1 


4.39944 




5. 67829 


H 


_ S.040" 




6.50S20 


77.444 ^ 


L 6-S1597 




8.38919 


77.433 


■ 7-75343 




10,0123; 


77.439 


r 




Me 


an. 77.449, i-wss 


This aeriea of data is 


regarded by the editors as 


preliminary, and IK* 


entitled to much conai deration. 


The second series, which follow*, U 


the final one; both represent va 


cuuiij standards : 


a 


BBr^. 




■■^g- 


Ratio. ^1 


4.467835 




5.771268 


^1 


8.4a3'S' 




10 


SS064S 


■ 


i.«SS«U 




? 


'37593 


77-429 H 


8.03a3S» 




10 


37410I 


■ 


4.09*743 




5 


285949 


■ 


L a.389993 




3 


086841 


■ 


I 7.7a<944 




9 


974054 


H 


1 




Mem, 77.4M. ±. .oo^^H 


1 




Fmlse 
General m 


le*. 77.449. ± OOSS 


1 


in, 77.4a5. i.oo'7 



I 



Ramsay and Aston,* in their paper upon the atomic weiqht of boroi 
suggest that Abrahall's bromide may have contained hydrobromic aci( 
which would fully account for the low result obtained. They then 
selves adopt two distinct methods, the first one being the time-honore 
determination of water in crystallized borax. The latter was preiiaK 
from pure boric acid and pure sodium hydroxide. Results as foUov< 
reduced to a vacuum : 



\'d,fi.O,,/o//,0. 


Na.Bfi.. 


FerccHt. H,0. 


J0.3581602 


5-4784357 


47.1099 


5,3440080 


2.8246677 


47.1433 


4 99615S0 


'-63789J4 


47-KM6 


5,7ooo2sb 


3.0101127 


47.19" 


5-3142725 


2.S065646 


47. '882 


4.9971924 


2.6392016 


47. "865 


5.3366931 


2.7674672 


47-1524 



Mean, 47.1677, ; 
This we may combine with the previous determinations, thn 

Beraelius wilh Laurent 47-13. ± .0130 

Hoskyiw-Abrshall 47.»866, ± .otjl 

Ramsay and Aston 47.1677, ±.0086 
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I aeoond method adopted by Ramsay and Aston was to distill anhy- 
borax with hydrochloric ncid and methyl alcohol, both scrupu- 
■ pure, thereby converting it into sodium chloride. The operation 
onducted in a Rlaaa flask, and in the first series of determinations 
ary soft glass was used. This, however, was somewhat attacked, 
il the sodium chloride contained silica; hence oxygen in the ma- 
of the flask had been replaced by chlorine, thereby increasing its 
it, and lowering the apparent atomic weight of boron. In a second 
flasks of hard combustion tubing were taken, and the error, though 
bsolutely avoided, was reduced to a very small amount. Both series 
ibjoined, together with the percentage of chloride formed ; but the 
its, given by the authors to seven decimal places, are only quoted 
tarest tenth milligramme. They are reduced to vacuum stand- 



I 



Na,S,OT 


NnCl. 


Pet 


■cent. NaCl. 


4.7684 


1,7598 




57.S77 


5*740 


3'>57S 




57.97s 


3*344 


1.8727 




57.899 


4.0862 


a-3713 




58.031 


34970 


1.0166 




57-953 






Mean 


.57.948,^.0187 




Secrmd Series. 






Na^B.O,. 


NaCl. 


Per cent. Nad. 


5-3"8 


3.0761 




57-911 


4.7!to6 


2.7700 




57943 


4-9907 


^.8930 . 




57-968 


4723' 


2.7360 




57.928 


3.3'38 


1.9187 




57.900 






Mean 


'. 57.930, *.ooSl 




Fir 


il seti« 


, 57-948, i-oiS; 



I a check upon the last series of results, the sodium chloride was 
lived in water, and precipitated with silver nitrate. ,The silver 
ride was collected and weighed in a Gooch crucible, and its weight 
i a new ratio with anhydrous borax. The cross ratio between the 
chlorides, ailverand sodium, has already been used in the discussion 
1 sodium. The new ratio I give in terms of Na,B,0, equivalent to 
[>art3 of AgC'l. 
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Na^B^O^, 


AgCl. 


Raiio. 


5.3118 


7.5259 


70.580 


4.7806 


6.7794 


70.517 


4-9907 


7.0801 


70.489 


4.723" 


6.6960 


70.536 


3.3«3» 


4-693» 


70.610 



Mean, 70.546, d= .0146 

Rimbach * based his determination of the atomic weight of boron upon 
the fact til at boric acid is neutral to methyl orange, and that therefore 
it i.s possible to titrate a solution of borax directly with hydrochloric 
acid. His borax was prepared from carefully purified boric acid and 
sodium carbonate, and his hydrochloric acid was standardized by aseri« 
of precipitations and weighings as silver chloride. It contained 1.8498J 
per cent, of actual HCl. The borax, dissolved in water, was titrated by 
means of a weight-burette. I give the weights found in the first and 
second columns of tlie following table, and in the third column, calcu- 
lated by myself, the HCl proportional to 100 parts of crystallized borax. 
Rimbach himself computes the percentage of Na,0 and thence the atomic 
weight of boron, but the ratio Na,B^0^.10HjO : 2HC1 is the ratio actually 
determined. 



Na^Bfi^,ioH^O. 


HCl Solution, 


Ratio, 


10.00214 


103.1951. 


19.0853 


15.32772 


158.1503 


19.0864 


15.0S870 


«55.727i 


19.0917 


10.12930 


104.5448 


19.0922 


5.25732 


54.2571 


19.0908 


15.04324 


155.2307 


19.0883 


15.04761 


155.2959 


19.0908 


10.43409 


107.6602 


19.0868 


504713 


52.0897 


19.0915 
Memo, 19.0893, 



•jb .0006 



Obviously^ this error should be increased by the probable errors in* 
voIvihI in standanlizing the acid, but they are too small to be worth 
ivnsidoring. 

The followiniT ratios are now available for boron : 



Vi) IVrctfnUgt of water in Xa^B^O,. loH^O, 47.1756^ : 

v-^ 3.\g : BHr, : : lOO : 77.-P5- = -OOIJ 

v3^ NajH^vX : iN*Cl : : too : 57.033. ±i .0074 

V4^ iA^ I : NajB^Oj : : IOO : rot54<\ -:: .0146 

y5^ Nx,B^i.\aoHjO : iHCl : : lOO : 19^0893. ^^ SXxA 

• BenchtY Deutsche Cfiwm. GeseCL. jbv x^ iSa). 
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reduction we have the antecedent atomic and molecular weights — 

O = 15.879,^.0003 Na = 22.881, i: .0046 

Ag= 107.108, dz. 003 1 NaCl= 58.060,^.0017 

CI = 35.179, ± .0048 AgCl = 142.287, ± .0037 
Br = 79-344, ± .0062 

the molecuhir weight of Na^B^O, we now have — 

From (i) NajB^O^ = 200.198, d= .0377 

From (3) ** == 200.439, d= .0263 

From (4) " = 200.756, zb .0419 

From (5) *' = 200.260, zb .051 « 

General mean NajB^O^ = 200.421, ±: .0180 

ice B = 10.876, ±: .0051. 

m ratio (2), B = 10.753, ± .0207. The two values combined give — ^ 

B = 10.863, ± .0050. 

if O = 16, B =- 10.946. 

re consider ratios (1), (3), (4), and (5) separately, they give the fol- 

2: values for B : 

From (i) H= 10.821 

From (3) ** = 10.881 

From (4) ** = 10.960 

From (5) " = 10.836 

these, the second and third involve the data from which, in a 
JUS section of this work, the ratio NaCl : AgCl was computed. In 
that ratio for measuring the molecular weights of its component 
jules, discordance was noted, which again appears here. The chief 
tainty in it seems to be connected with ratio (4), which is therefore 
ed to comparatively little credence, although its rejection is not 
sary at this point. In ratio (2), Abrahall's determination, the high 
ible error of B is due to the also high probable error of 3Br, and it 
ite likely that the result is undervalued. The general mean, B = 
3, ± .0050, however, can hardly be much out of the way. It is cer- 
i more probable than any one of the individual values. 
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ALUMINUM. 



The atomic weight of aluminum has been determined by BeneKus, 
Mather, Tissier, Dumas, Isnard, Terreil, Mallet, and Baubigny. Tlie 
early calculations of Davy and of Thomson we may properly disregard. 

Berzelius' * determination rests upon a single experiment. He ignited 
.10 grammes of dry aluminum sulphate, A^SO^),, and obtained 2.9934 
grammes of AljO, as residue. 

Hence Al = 27.103. 

In 1833 1 Mather published a single analysis of aluminum chloride, 
from which he sought to fix the atomic weight of the metal. 0.646 grm. 
of AlCl, gave him 2.056 of AgCl and 0.2975 of A1,0,. These figures give 
worthless values for Al, and are included here only for the sake of com- 
pleteness. From the ratio between AgCl and AlCl,, Al = 28.584. 

Tissier's J determination, also resting on a single experiment, appeared 
in 1858. Metallic aluminum, containing .135 per cent, of sodium, was 
dissolved in hydrochloric acid. The solution was evaporated with nitric 
acid to expel all chlorine, and the residue was strongly ignited until only 
alumina remained. 1.935 grm. of Al gave 3.645 grm. of A1,0,. If we 
correct for the trace of sodium in the aluminum, we have Al = 26.930. 

lessen tially the same method of determination was adopted by Isnard,! 
who, although not next in chronological order, may fittingly be men- 
tioned here. He found that 9 grm. of aluminum gave 17 grm. of Al,0r 
Hence Al = 26.8 

In 1858 Dumas, II in connection with his celebrated revision of the 
atomic weights, made seven experiments with aluminum chloride. The 
material was prepared in quantity, sublimed over iron filings, and finally 
resublimed from metallic aluminum. Each sample used was collected 
in a small glass tube, after sublimation from aluminum in a stream of 
dry hydrogen, and, hermetically enclosed. Having been weighed in the 
tube, it was dissolved in water, and the quantity of silver necessary for 
precipitating the chlorine was determined. Reducing to a common 
standard, his weighings give the quantities of AlCl, stated in the third 
column, as proportional to 100 parts of silver: 



I 578O grm. AIL.I3 = 


^ 4 543 gr 


m. Ag. 


41.352 


3.021 


7.292 




41.459 — Bad. 


2.399 


5.802 




41.348 


1.922 •• 


4.6525 




41.3H 


1.697 


4.IOI5 




41.375 


4.3165 


10.448 




4i.3«4 


6.728 


16.265 




41.365 


•Pojfgend. Annal., 8, 177 








tSilliman's Amer, Journ., 27. 241. 






JCorapt. Rend., 46, 1105, 








^ Compt. Rend,, 66, 503. 


1868. 







26. 
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n the second experiment the AlCI, contained traces of iron. Reject- 

this experiment, the remaining six give a mean of 41.344, ±.007. 
ese data give a value for Al approximating to 27.5, and were for 
ny years regarded as satisfactory. It now seems probable that the 
oride contiiined traces of an oxy-compound, which would tend to 
M the atomic weight. 

■n 1879 Terreil * published a new determination of the atomic weight 
[ier consideration, based upon a direct comparison of the metal with 
tinmen. MetaUic aluminum, contained in a, tube of hard gloss, was 
ited strongly in a current of dry hydrochloric acid. Hydrogen was 

free, and was collected over a strong solution of caustic potash. 
10 grm. of aluminum thus were found equivalent to 508.2 cc, or 
6671 grm. of hydrogen. Hence Al =26.932. 
Ibout a year after Terrell's determination appeared, the lower value 

aluminum was thoroughly confirmed by J. W. Mallet.t After giving 
all r&um^ of the work done by others, exclusive of Isnard, the author 
(cribes his own experiments, which may be summarized as follows : 
Pour methotls of determination were employed, each one simple and 
ect, and at the same time Independent of the others. First, pure 
itnonia alum was calcined, and the residue of aluminum oxide was 
imftted. Second, aluminum bromide was titrated with a standard 
Qtion of silver. Third, metallic aluminum was attacked by caustic 
ia, and the hydrogen evolved was measured. Fourth, hydrogen waa 
, free by aluminum, and weighed as water. Every weight wa.*) care- 
ly verified, the verification being based upon the direct comparison, 

J. E, Hilgard, of a kilogramme weight with the standard kilogramme 
Washington. The specific gravity of each piece was determined, and 
\o of all materials and vessels used in the weighings. During each 
iighing both barometer and thermometer were observed, ao that every 
!ult represents a real weight in vacuo. 

The ammonium alum used in the first series of experiments was 
scially prepared, and waa absolutely free from ascertainable impuri- 
8. The salt was found, however, to lose traces of water at ordinary 
nperatures — a circumstance which tended towards a slight elevation 

the apparent atomic weight of aluminum as calculated from th« 
iighinga. Two sets of experiments were made with the alum ; one 
)on a sample air-dried for two hours at 21°-25°, the other upon mate- 
iil dried for twenty-four hours at 19°-26''. These sets, marked A and 
respectively, differ slightly, B being the less trustworthy of the two, 
dgcd from a chemical standpoint. Mathematically it is the better of 
le two. Calcination was effected with a great variety of precautions, 
tneerning which the original memoir must be consnited. To Mallet's 
eighings I append the percentages of Al,Oj deduced from them ; 
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Series A, 
8.2144 grm. of the alum gave .9258 grm. A],0,. 



14.0378 
5.6201 

11.3227 

10.8435 



<i 



<( 



({ 



t ( 



1.5825 

.6337 
1.2657 

1. 2216 



(( 



(t 



(( 



(( 



11.270 per cent. 
11.273 ** 
11.275 
11.278 
11.266 



(t 



ti 



ti 



Mean, 11.2724, d= .0014 



Series B. 



12.1023 grm. of the alum gave 1.3660 grm. A],Oj. 

104544 ** 1. 1796 

6.7962 ** .7670 

8.5601 ** .9654 

4.899^ " .5528 



<( 



(C 



(( 



(t 



11.287 per cent. 

11.283 

11.286 

11.278 

11.283 



<< 



(C 



t( 



(t 



Mean, 11.2834, dz 001 1 

ConiUineil, tliese series give a general mean of 11.2793, ±. 0008. Hence 
Al ---- 20.1)52. 

The aluminum bromide used in the second series of experiments was 
pre[>ared bv the direct action of bromine upon the metal. The product 
wiv^ ropeateilly distilled, the eariier portions of each distillate being re- 
jectoiU until a constant boiling point of 263.°3 at 747 mm. pressure wtf 
nottnl. The last distillation was effected in an atmosphere of pure nitro- 
gtm, in onler to avoid the possible formation of oxide or oxy-bromide of 
aluminum ; and the distillate was collected in three portions, which 
prtu'inl to be sensibly identical. The individual samples of bromide 
wort^ iH^lKvtoil in thin glass tubes, which were hermetically sealed after 
ntwrly tilling. For the titration pure silver was prepared, and after 
fusivM\ upon ohan\>al it was heattnl in a Sprengel vacuum in order to 
elitniuato ^.Hvludcil g:\sos. This silver was dissolved in specially purified 
nitrio av*id, the latter but very slightly in excess. The aluminum bro- 
luivlo, woiglunl in the seaK*il tul>e, w:is dissolved in water, precautions be- 
ing taken tv» avv>id any Kvss by splashing or faming which might result 
ftxuu tho viv^otuv v^f the action. To the solution thus obtained the silver 
sv^UitivMi was add<\l, the silver Inntig something less than a decigramme 
in defuncnoy, Tlie rx^tuaining atnout\t v>f silver needed to complete the 
prw»pitativni of the brv>iuiuo wiis addeil firom a burette, in the form of i 
stauvUi\l sv^lutiou vvutainiui: one milUi^ramme of metal to each cubic 
ivuiiuuttv. The tinal i\^ults were as follows^ the figures in the third 
i\4unin ivptx^scntin.ii tho ^.^uaiuities ot brv.>mide proportional to 100 parte 
of >il\cr. Sv tuvs A is nvin the tirst |K>rtion of the last distillate of AlBi^; 
j!H»ri\v< II Ci\Mu the s^^wiul ^s^rtivnt. and series C &om the third portion: 



o.vW4 j:»m .VI*:, r -:*^Ji i;nn. A^. 



5aL454 



6.9617 grm. AlBr, = 8.4429 gnn. Ag. 



;nce AI = 26.916. 

le experiments to determine the amount of hydrogen evolved by the 
in of caustic soda upon metallic aluminum were conducted with pure 
il, specially prepared, and with caustic soda made from sodium. 
soda solution was ao strong as to scarcely lose a perceptible amount 
ater by the passage through it of a dry gas at ordinary temperature, 
.he details of the experiments are somewhat complex, the original 
noir must be consulted for them. The following results were obtained, 
weight of the hydrogen being calculated from the volume, reckoned 
)898T2 gramme per litre. 



I -3697 

I -3769 

I .3fao 

I -Tsrg 

I .7314 

[ -7541 

closing se 



Vol. H, 



Wt. H. 



At. Wt. 



3697 


4S8.8 


041234 




16.898 


.3769 


467.9 


042051 




26.S89 


3fao 


449.1 


040J62 




26.907 


7S79 


94<.5 


084614 




26.M72 


.7314 


907.9 


081595 




26.891 


■7541 


936.4 


084156 


Mean 


26.882 

26.890, ± .00J4 



•dosing series of experiments was made with larger quantities of 
ninum than were used in the foregoing set. The hydrogen, evolved 
he action of the caustic alkali, was dried by passing it through two 
ng tubes containing pumice stone and sulphuric acid, and two others 
aining asbestos and phosphorus pentoxide. Thence it passed 
<ugh a combustion tube containing copper oxide heated to redness. 
.ream of dry nitrogen was employed to sweep the last traces of hj- 
;en into the combustion tube, and dry air was afterwards passed 
ugh the entire apparatus to reoxidize the surface of reduced copper, 
to prevent the retention of occluded hydrogen. The water formed 
he oxidation of the hydrogen was collected in three drying tubes. 
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The results obtained were as follows. The third column gives the amount 
of water formed from 10 grammes of aluminum. 

2.1704 gnn. Al gave 2.1661 grm. H,0. 9.9802 

2.9355 ** 2.9292 ** 9-9785 

5.2632 ** 5.2562 " 9.9867 

Mean, 9.9818, ±.0017 

Hence Al = 26.867. 

From the last two series of experiments an independent value for the 
atomic weight of oxygen may be calculated. It becomes O = 15.895. 
The closeness of this figure to some of the best determinations affords a 
good indication of the accuracy of Mallet's work. 

In connection with Mallet's work it is worth noting that Torrey* pub- 
lished a series of measurements of the H : Al ratio, representing determi- 
nations made under his direction by elementary students. These meas- 
urements are thirteen in number, and calculated with Regnault's old 
value for the weight of hydrogen, range from 26.661 to 27.360, or in mean, 
27.049, ± .323. Corrected by the latest value for the weight of H, this 
mean becomes 26.967. The result, of course, has only confirmatory 
significance. 

By Baubignyt we have only two determinations, based upon the 
calcination of anhydrous aluminum sulphate, A1,(S0J,. 

3.6745 grm. salt gave 1.0965 AljO,. 29.841 per cent. 

2.539 •* .7572 ** 29.823 ** 

Mean, 29.832, ± .0061 

Hence Al = 26.858. 

It is clear that the single determinations of Berzelius, Mather, Tissier, 
Isnard, and Terreil may now be safely left out of account, for the reason 
that none of them could affect appreciably the final value for Al. The 
ratios to consider are as follows : 

(I.) 3Ag : AICI3 : ; lOO : 41.344, ± .0070 

(2.) Percentage of AljO, in ammonium alum, 11.2793, ^ .0008 

(3) 3Ag : AlBr, : : 100 : 82.455, zb .0010 

(4.) H : Al : : I ; 26.890, zh .0034 

(5.) Al, : 3H2O : : 10: 9.9818, ± .0017 

(6.) Percentage of AL^O, in AIj(S04)5, 29.832, ± .0061 

The antecedent values are — 



o = 15.879, d= .0003 Br= 79.344, ± .0062 

Ag = 107. 108, zb .0031 N = 13.935, ± .0021 

CI = 35.»79, ±.0048 S = 3>. 828, d: .0015 



•Am. Chem. Journ., 10, 74. 1888. 
t Compt. Rend., 97, 1369. 1883. 
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ice for aluminum we have — 

From (i) Al = 27.31 '» ± .0270 



From (2) 
From (3) 
From (4) 
From (5) 
From (6), 



= 26.952, d= .0037 
= 26.916, d= .0201 
= 26.890, i .0034 
= 26.867, zh .0046 
= 26.858, ±: .0113 



General mean Al = 26.906, ±z .0021 

,h O = 16, Al = 27.111. The rejection of Dumas' data only lowers 
suit to 26.903. 



GALLIUM. 

lium has been so recently discovered, and obtained in such small 
ities, that its atomic weight has not as yet been determined with 
precision. The following data were fixed by the discoverer, 
[ de Boisbaudran : * 

)44 grammes gallium ammonium alum, upon ignition, left .5886 
jra^O,. 

ice Ga = 69.595. If = 16, Ga == 70.125. 

\1 grammes gallium, converted into nitrate and ignited, gave 
grm. GajOa. 

ice Ga = 69.171. If = 16, Ga = 69.698. 
jse values, assigned equal weight, give these means : 

With H = I, Ga = 69.383. With O = 16, Ga = 69.912 

* Journ. Chem. Soc., 1878, p. 646. 
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INDIUM. 

Reich and Richter, the discoverers of indium, were also the first to 
determine its atomic weight.* They dissolved weighed quantities of the 
metal in nitric acid, precipitated the solution with ammonia, ignited the 
precipitate, arid ascertained its weight. Two experiments were made, as 
follows : 

•5 '35 SP"^' indium gave .6243 grm. InjO,. 
.699 " .8515 

Hence, in mean, In = 110.61, if = 16 ; a value known now to be 
too low. 

An un weighed quantity of fresh, moist indium sulphide was also dis- 
solved in nitric acid, yielding, on precipitation, 

.2105 grm. IdjOj and .542 grm. BaS04. 

Hence, with BaSO, = 233.505, In = 112.03 ; also too low. 

Soon after the publication of Reich and Richter's paper the sul»ject 
was taken up by Winkler.f He dissolved indium in nitric acid, evap- 
orated to dryness, ignited the residue, and weighed the oxide thus 
obtained. 

• 5574 grm. I" gave .6817 g™>- InjOj. 
.6661 ** .8144 
.5011 " .6126 



it 



Hence, in mean, if O = 16, In = 107.76 ; a result even lower than the 
values already cited. 

In a later paper by Winkler J better results were obtained. Two 
methods were employed. First, metallic indium was placed in a solu- 
tion of pure, neutral, sodio-auric chloride, and the amount of gold pre- 
cipitated was weighed. I give the weighings and, in a third column, 
the amount of indium proportional to 100 parts of gold : 



/;/. 


y4u. 


Ratio. 


447 » grm. 
8445 " 


.8205 grm. 
1.4596 '* 


57.782 
57.858 



Mean, 57.820, ± .026 



Hence, if Au = 195.743, dz .0049, In = 113.179, ± .0517. 
Winkler also repeated his earlier process, converting indium into 
oxide by solution in nitric acid and ignition of the residue. An ad* 



♦ Journ. fQr Prakt. Chem., 92, 484. 
t Journ. fflr Prakt. Chera., 94, 8. 
\ Journ. fQr Prakt. Chera., 10a, a8a. 
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Aonal experiment, the third as given below, was made after the method 
Reich and Richter. The third column gives tlie percentage of In in 
^O, : 

1. 1 24 grm. In gave 1. 3616 gmi. Id,Oj. Per cent., 82.550 

1.015 ** 1. 2291 •* " 82.581 

.6376 " .7725 " " 82.537 

These figures were confirmed by a single experiment of Bunsen's * 
published simultaneously with the specific heat determinations which 
showed that the oxide of indium was In^O,, and not InO, as had been 
previously supposed : 

1.0592 grm. In gave 1.2825 g^m. In,Oj. Per cent. In, 82.589 

For con venience we may add this figure in with Winkler's series, which 
gives us a mean percentage of In in In^O, of 82.564, ± .0082. Hence, if 
0= 15.879, ± .0003, In = 112.787, ±: .0542, 

Combining both values, we have — 

From gold series In = 113. 179, ± .0517 

From oxide series *' = 1 12.787, zt. .0542 

General mean In = 1 12.992, di .0374 

IfO = 16, In = 113.853. 

■ ■ ■ ' W ' 

* Poggend. Anual., 141, 28. 
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THALLIUM. 



The atomic weight of this interesting metal has been fixed by the re- 
searches of Lamy, Wertlier, Ilebberling, Crookes, and IjCpierre. 

Lamy and Hebberling investigated the chloride and sulphate ; W'tt- 
Ihor studied the iodide; Crookes' experiments involved the aj-nthesHof 
the nitrate. Lepierre's work is still more recent, and is based [t\m 
aeveral compounds. 

Lamy* gives the resultaof one analysis of thallium sulphate and thiw 
of thallium chloride. 3.423 grammes Tl.SO, gave 1.578 grni. BaSO,; 
whence 101) parts of the latter are equivalent to 216.920 of the former. 
In the thallium chloride the chlorine was estimated as silver chloridi, 
The following results were obtained. In the third column I give the 
amount of TlCl proportional to 100 parts of AgCl : 



3.911 gmi. TlCl gave 2.346 grni. Aga. 
3.000 " 1.8015 ■■ 

3-9i» ■■ 3.336 



i66.7sa 
166.S2S 
167.466 

Mean, 166.915, j 



Hebberling "at work resembles that of Lamy. Reducing iiia weighing 
to the standards adopted above, we have from his sulphate serias,« 
equivalent to 100 parts of BaSO^, the aniounta of Tl.SO, given in ihe 
third column : 



1.419s Enn.TI,SO,Eav 

1.1914 



.6534 grn 

■5507 

■39S7 



Mea 



3.7.248 

216,524 

! 16.335 
J 1 6.699 



Including Lamy's single result an of equal weight, we get a mean of 
216,754, ± .1387. 

From the chloride series we have these results, with the ratio staUd 
as usual : 

,2984 crni. TlCl gave ,1791 grm, AgCI. l66.eit 

.5452 '■ ,3178 " 166,321 



Meo 



166,46s, ±.097 



lAmy'e mean was 166,915, ± .1905. Both means combined gives 
f;eneral mean of 166.555, ± ,0865. 

Werther'st determinations of itxline in thallium iodide were madeb? 
two methods. In the first aeries Til was decom]>o8ed by zinc and potas- 
sium hydroxide, and in the filtrate the iodine waa estimated ks AgL 
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hundred parts of Agl correspond to the nntounts of Til given in 



.960 

■ 385 



140.71' 



:.o35 



neral mean of both a 
1S73 Crookea,* the discovei 
tion of its atomic weight. 



the second series the thallium iodide was decomposed by ammonia 
esence of silver nitrate, and the resulting Agl was weighed. Ex- 
ed according to the foregoing standard, the results are as follows : 

I 1.375 6"™. TII gave .978 g™. Agl. Kalio, 14O.593 

L 1.540 '■ 1.095 " " HO-639 

I I.jSo .981 '■ " 140.673 

Mean, 140.635, zt .016 
140.648, ± .016. 

of thallium, published hia final deter- 
s method was to effect the synthesis of 
nitrate from weighed quantities of absolutely pure thallium, 
recaution necessary to ensure purity of materials was neglected ; the 
ices were constructed especially for the research ; the weights were 
■ately tested and all their errors ascertained ; weighings were made 
y in air and partly in vacuo, but all were reduced to ahmlute stand- 
; and unusually lai^e quantities of thallium were employed in each 
inient. In short, no effort was spared to attain as nearly as possi- 
laolute precision of results. The details of the investigation are too 
niuous, however, to he cit«d here ; the reader who wishes to become 
iar with them must consult the original memoir. Suffice it to say 
he research is a model which other chemists will do well to copy. 
B results of ten experiments by Professor Crookea may be stated aa 
In a final column I give the quantity of nitrate producible 
100 parte of thallium. The weights given are in grains : 



Thallium. 


TWO, + Glass. 


Glass Vessel. 


Ratio. 


497.971995 


■■21.851851 


47i-S573'9 


'30.3875 


293- '93507 


1111.3870:4 


719-0827 '3 


130.3930 


388 562777 


97t-ii4>4i 


594.949719 


130,3916 


314.963740 


1.41.569408 


718.849078 


130-3900 


183.790332 


1005.779897 


766.13383' 


130,3911 


190.84153* 


997.334615 


748.49' 17" 


130.3920 


'M-S443»4 


1011.176679 


767-103451 


130.3915 


aol.816345 


1013.48013; 


750.331401 


'30.3897 


agS. 683513 


"53.947671 


768,403611 


'30-3908 


a99.303036 


1159.870051 


769-734101 


130.39' 7 






Mean 


130,3910, dr ,00034 
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Lepierre'a* determinations were published in 1893. and i 
several distinct methods. First, tliallous sulphate waa eubjec 
trolyaia in presence of an excess of ammonium oxalate, U 
metal being dried and weighed in an atmosphere of hydrogen. 
rected weights, etc., are as follows: 

1.89JS gnn. Tl,!^0, fiave 1. 5317 Tl. 80,945 per ecni. 

1.7143 ■' 2-^055 " 80.9S7 " 

a.Sni " ».^J59 " So.QsS " 

Mean, 80.953, i: .0030 

Secondly, weighed quantities of crystal Uzetl thallic oxide 1 
verted into thaliou9 sulphate by means of sulphurous acid, and thesoln-J 
tion was then subjected to electrolyaia, as iu the preceding series. ■ 
3.M16 ijrm. T1,0, gave 3.8829 Tl. 89.487 per a 

3.5417 '■ 3.3743 ■' 89.475 ■■ 

Mean, 89.4S1, ± .<: 

In the third set of experiments a definite amount of thallous sulphat* I 

or nitrate waa fused in a polishedsilvercruciblewith ten timesitsweigtill 

of absolutely pure caustic potash, Thallic oxide waa thus formed, wliichi I 

with various precautions, was washed with water and alcohol, ami flniHj I 

weighed in the original crucible. One experiment with tlie nitrate e >W~B 

3.7591 pin- TINO, yields 3.3649 TI,0,. 85,713 per cenl. 

Two experiments were made with the sulphate, as follows : 

3. 1012 gnn. T1,S0, E«" ».8os6 T1,0,. 90.468 per cenl. 

2-3478 ■' 3-1239 " 9°-4f-3 " 

Mean, 90.465, ± .oaao 

Finally, crystallized thallic oxide was reduced by heat in a Btrwiat^ 
hydrogen, and the water so formed was collected and weighed. 
a. 7873 grm. TIjOj gave .3301 H,0. 11,843 per cent. 

3.9871 ■' .47'6 " "-8»8 " 

4.0213 ■' ,4761 •' 11-839 " 

Mean, II.S37, ± .CO39 

In a supplementary notef Lepierre states that his weights were uJ I 
reduced to vacuum standards. 

Some worli by Wells and Penfield, X incidentally involving a delfl- 1 
mination of atomic weight, but primarily intended for another purpose,! 
may also be taken into account. Their question was as to the conataniT | 
of thallium itself. The nitrate was repeatedly crystallized, and tliela 
crj'stallization, with the mother liquor representing the opposite end of 
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tlie series, were both converted into chloride. In the latter the chlorine 
iras estimated as silver chloride, which was weighed on a Gooch filter, 
with the results given below, which are sensibly identical. The TlCl 
equivalent to 100 parts of AgCl is stated in the last column. 

TlCl. AgCL Ratio. 

Crystals 3-9H6 2-3393 i67-34i 

Mother liquor 3-34*5 1.9968 167.343 

Mean, 167.342 

The general mean of Lamy's and Hebberling's determinations of this 
ratio gave 166.555, ib .0865. If we arbitrarily assign Wells and Pen- 
field's mean equal weight with that, we get a new general mean of 
166.948, ± .0610. 

The ratios to be considered are now as follows : 



(I. 

(2- 

(3. 

(4- 

(5. 
(6. 

(7. 
(8. 

(9. 



BaSO^ : TljSO^ : : 100 : 216.754, i .1387 
Aga : TlCl : : 100 : 166.948, db .0610 
Agl : Til : : lOO : 140.648, =fc .016 
Tl : TlNOj : : lOO : 130.391, ± .00034 
TI2SO4 : Tl, : : 100 : 80.953, dt .0030 
TljOg : Tl, : : 100 : 89.481, di .0040 
2TINO5 : TljOj : : 100 : 85.713 
TljSO^ : T1,0, : : lOO : 90.465, rh .0020 
TljOj : 3HjO : : 100 : 11.837, d= .0029 



And the antecedent data are these : 

o = 15.879, db .0003 N = 13.935, ± 0021 

Ag= 107.108, db .0031 S = 31.828, ih .0015 

CI = 35.179, =fc .0048 AgCl = 142.287^ ± .0037 

I = 125.^8, db .0069 Agl = 232.996, ± .0062 

Ratio number seven rests upon a single experiment, and the atomic 
weight of thallium derived from it must therefore be arbitrarily weighted. 
It has been assumed, therefore, that its probable error is the same as that 
from number eight. Taking this much for granted, we have nine values 
for thallium, as given below : 

From (i) Tl = 203.478, zb .1610 

From (2) ** = 202.366, ± .0872 

From (3) " = 201.816, db .0389 . 

From (4) ** = 202.595, d: .0117 

From (5) " = 202.614, db .0330 

From (6) *' = 202 620, ib 0775 

From (7) *' = 202.679, =b .0483 

From (8) *' = 202.496, dr .0483 

From (9) " =z 202.746, dr .0576 



General mean Tl = 202.555, ± .0098 

If0 = 16, Tl =204.098. 
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If we reject the first three values, retaining only those due to the a* 
periments of Crookes and Lepierre, we have — 

Tl = 202.605, ± .0103 

If O = 16, this becomes 204.149. This mean exceeds Crookes' deta^ 
mi nation only by 0.01, and may be regarded as fairly satisfiujtoiy- 
Crookes' ratio evidently outweighs all the others. 



SILICON. 

Although Berzelius * attempted to ascertain the atomic weight of 
silicon, first by converting pure Si into SiO„and later from the analysis 
of BaSiF,, his results were not satisfactory. We need consider only the 
work of Pelouze, Schiel, Dumas, and Thorpe and Young. 

Pelouze,t experimenting upon silicon tetrachloride, employed his 

usual method of titration with a solution containing a known weight of 

silver. One hundred parts of Ag gave the following equivalencies of 

SiCl, : 

39.4325 
39.4570 

Mean, 39.4447, ± .0083 

Essentially the same method was adopted by Dumas. J Pure SiCl, 
was weighed in a sealed glass bulb, then decomposed by water, and 
titrated. The results for 100 Ag are given in the third column : 



2.899 grm- SiCl^ = 7.3558 grm. Ag. 


39.41 1 


1.242 ** 3.154 ** 


39.379 


3.221 ** 8.1875 


39.340 



h 



Mean, 39.377, ib .014 

Dumas' and Pelouze's series combine as follows : 

Pelouze 39.4447, =b .0083 

Dumas 39.377, ib .014 

General mean 39.4265, db .0071 

Schiel, § also studying the chloride of silicon, decomposed it by am- 
monia. After warming and long standing it was filtered, and in the 

• Lehrbuch, 5 Aufl., 3, 1200. 
fCompt. Rend., 20, 1047. 1845. 

1 Ann. Chem. Pharm., 113, 31. i860. 

2 Ann. Chem. Pharm., 120,94. 
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the chlorine was estimated as AgCl. One hundred parts of AgCl 
ond to the quantities of SiCl^ given in the last column : 

.6738 grm. SiCI^ gave 2.277 grm. AgCl. 29.592 

1.3092 •* 4.418 ** 29.633 

Mean, 29.6125, dtz .0138 

•pe and Young * working with silicon bromide, seem to have ob- 
fairly good results. The bromide was perfectly clear and color- 
id boiled constantly at 1*53°. It was weighed, decomposed with 
xnd evaporated to dryness, the crucible containing it being finally 
. The crucible was tared by one precisely similar, in which an 
volume of water was also evaporated. Results as follows, with 
s at vacuum standards : 

9.63007 grm. SiBr^ gave 1.670708102. 17.349 per cent. 

12.36099 '* 2.14318 ** 17338 ** 

12.98336 '* 2.25244 *• 17.349 *' 

9.02269 '* 1.56542 '* 17.350 ** 

15.38426 " 2.66518 ** 17.324 *' 

9.74550 ** 1.69020 " 17.343 ** 

6.19159 •' 1.07536 ** 17.368 '* 

9.51204 " 1.65065 " 17.353 *' 

10.69317 »♦ 1.85555 " «7.353 '* 

Mean, 17.347, ±.0027 

ratios now available are— 

(I.) 4Ag : SiCI^ : : 100 : 39.4265, ±: .0071 
(2.) 4AgCl : SiCI^ : : lOO : 29.6125, db .0138 
(3.) SiBr^ : SiO, : ; lOO : 17.347, i: 0027 

ucing these ratios with — 

O = 15.879, ± .0003 Br = 79.344, rt .0062 

Ag = 107.108, dz .0031 AgCl = 142.287, db .0037, 

CI =^ 35.«79, ^=.0048 

ve the following values for the atomic weight of silicon : 

from ( i) Si ^ 28.200, it .0363 

From (2) '* = 27.823, zb .0810 

From (3) '* = 28.187, ± .0122 

General mean Si = 28.181, ± .0114 

) = 16, Si = 28.395. 

* Journ. Chem. Sec., 51, 576. 1887. 
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TITANIUM. 



The earliest determinations of the atomic weight of titanium are due 
to Heinrich Rose.* In his first investigation he studied the conversion 
of titanium sulphide into titanic acid, and obtained erroneous results; 
later, in 1829, he published his analyses of the chloride, t This compound 
was purified by repeated rectifications over mercury and over potassium, 
and was weighed in bulbs of thin glass. These were broken under water 
in tightly stoppered flasks ; the titanic acid was precipitated by ammo- 
nia, and the chlorine was estimated as silver chloride. The following 
results were obtained. In a fourth column I give the TiO, in percentages 
referred to TiCl^ as 100, and in a fifth column the quantity of TiCl^ pro- 
portional to 100 parts of AgCl : 

TiCl^, TiOr AgCi 

.88$ grm. .370 grm. 2. 661 grm. 
2.6365 *' 1. 120 *' 7-954 ** 

1. 7157 " .732 " 5."72 " 

3.0455 *' 1.322 *' 9.198 " 

2.4403 ** 1.056 '• 7.372 '* 

Mean, 42,933» ± .^^i 33.156, ±019 

If we directly compare the AgCl with the TiO, we shall find 100 parts 

of the former proportional to the following quantities of the latter: 

14.243 
14.081 

i4.»S3 

H.373 
14.324 



Percent TiO^^ 


AgCl Ratio. 


42.825 


J3.258 


42.481 


Z^' 147 


42.665 


33.»73 


43.423 


33.100 


43273 


33.102 



Mean, 14.235, d= .036 

Shortly after the appearance of Rose's paper, Mosander J published 
some figures giving the percentage of oxygen in titanium dioxide, from 
which a value for the atomic weight of titanium was deduced. Although 
no details are furnished as to experimental methods, and no actual weigh- 
ings are given, I cite his percentages for whatever they may be worth : 

40.814 
40.825 
40.610 
40.180 
40.107 
40.050 
40.780 
40.660 

39.830 



Mean, 40.428 



• Gilbert's Annalen, 1823, 67 and 129. 

tPoggcnd. Annalen, 15, 145. Berr. Lchrbuch, 3, 1210. 

I Berz. Jahresbericht. 10. 108. 18.^1. 
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figureB, with = 15.879. give values for Ti ranging from 46.03 
.98; or, in mean, Ti =46.80. Tliey are not, however, aiifficieiitly 
cit to deserve any farther consideration. 

M47 laidor Pierre made public a series of important detemiinn- 
■ Titanium chloride, free from silicon and from iron, was ]>re- 
P>y the action of chlorine upon a mixture of carbon with pure, 
Sal titanic acid. This chloride was weighed in sealed tubes, these 
broken under water, and the resulting hydrochloric acid was titrated 
a standard solulion of silver after the method of Pelouze, I subjoin 
ffg weighings, and add, in a third colunm, the ratio of TiCI, to KJO 
f silver: 



.Sirs gini. 


1.84523 g™- 


44-5«» 


.7740 '■ 


1.73909 " 


44,506 


.7775 " 


1.746(3 ■• 


44-5^7 


.7.60. '■ 


1.6.219 ■■ 


4441a 


.SoSs ■' 


1.82344 " 


44.339 


.632s '■ 


1.42230 " 


44.470 


,8.55 ■■ 


1.83705 ■' 


44.392 


.B.65 ■• 


1.83S99 " 


44.399 


.8065 ■■ 


1.81965 •' 


44.312 






Mean, 44.432, ± ,1 



"73 



rVriU be seen that the first three of these reaulta agree well with each 
;r and are much higher than the remaining sis. The last four ex- 
mente were made purposely with tubes which had been previously 
ned, iu order to determine the cause of the discrepancy. According 
'ierre, the opening of a tube of titanium chloride admits a trace of 
rapheric moisture. This causes a deposit of titanic acid near the 
ith of the tube, and liberates hydrochloric acid. The latter gas being 
py, a part of it falls back into the tube, so that the remaining chloride 
cher in chlorine and poorer in titanium than it should be. Hence, 
n titration, too low figures for the atomic weight of titanium are 
lined. Pierre accordingly rejects all but the first three of the above 
nations. 

lie memoir of Pierre upon the atomic weight of titanium was soon 
jwed by a paper from Demoly, t who obtained much higher results, 
also started out from titanic chloride, which was prepared'from rutile. 
I latter substance was found to contain 1.8 per cent, of silica ; whence 
noly inferred that the TiCl^ investigated by Rose and by Pierre might 
e been contaminated with SiC!„ an impurity which would lower the 
tie diKluced for the atomic weight under consideration. Accordingly, 
irder to eliminate all such possible impurities, this process was resorted 

D. Chim. phys. (j), ». 137. 
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to: the chloriiJe, after rectification over mercury and pota^uin, 
acted upon by dry ammonia, whereupon the comixiund TiCI,.4\H, 
deposited aa a white powder. This was ignited in dry ammonia ^t,; 
the residne, by means of chlorine, was reconverted into titanic cbJuridft 
which was again rei>eate<lly rectified over mercury, potassium, and 
tossium amalgam. The product boiled steadily at 135°. ThiachloriJl 
after weighing in a glass bulb, was decompofled by water, the titantci 
was precipitated by ammonia, and the chlorine was eatimated in 
filtrate as silver chloride. Three analyses were performed, yielding U* 
following results. I give the actual weighings: 



1,470 



• grin. TiCI, gave 4.141 grm. AgCJ a 
I " 6,752 

8.330 



i .565 Cnn- TiO, 
.Soi 

i.osa 



The ",801 " in the last column is certainly a misprint for .901 . Aesui"- 
ing this correction, the results may be given in three ratios, thus: 



Percen/. TiO,/n,m TiCl,. 


r»CT, : looAsCl. 


TiO 


: JOoAgO. 


38-435 


34.662 




13.3a* 


38669 


34.508 




13-344 


37-778 


34-574 




.3.061 


Mem., 38.294.^.180 


34-581, ±-030 




I3.a4*, ±- 



These three ratios give three widely divei^ent values for the atomio 
weight of titanium, ranging from about 36 to more than 56, tha Utlff 
figure being derived from the ratio between AgCl and TiCl,, This vsliw, 
66, ia assumed by Demoly to be the best, the others being practici!!;f 
ignored. 

Upon comparing Demoly'a figures with those obtained by Rose.certAin 
points of similarity are plainly to be noted. Both sets of results 
reached by essentially the same method, and in both the diacordann 
between the percentages of titanic acid and of silver chloride is glaring. 
This discordance can rationally be accounted for by assuming that th( 
titanic chloride was in neither case absolutely what it purported to be; 
that, in brief, it must have contained impurities, such for example » 
hydrochloric acid, as shown in the experiments of Pierre, or |>oseiblT 
traces of oxychlo rides. Considerations of this kind also throw doubt 
upon the results attained by Pierre, for he neglected the direct e-stimation 
of the titanic acid altogether, thus leaving us without means for correctly 
judging aa to the character of his material. 

In 1883* Thorpe published a series of experiments upon titaniam 
tetrachloride, determining three distinct ratios and getting sharply con- 
cordant results. The first ratio, which was essentially like Pierre's, by 
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iposition with water and titration with silver, was in detail as 
's: 



243275 5.52797 

5.42332 12.32260 

3.59601 8.17461 

3.31222 7.52721 

4.20093 9.54679 

5.68888 12.92686 

5.65346 12.85490 

4.08247 9.28305 



TiCl^ : looAg, 

44.008 
44.015 
44.000 
44.003 
44.004 
44.008 

43.979 
43.978 



Mean, 43-999, ± .0032 
Pierre found, 44.432, ±z .0073 



General mean, 44.017, ± .0031 

^ second ratio, which involved the weights of TiCl^ taken in the last 
eterminations of the preceding series, included the weighing of the 

chloride formed. The TiCl^ proportional to 100 parts of AgCl is 

in a third column : 



TiCl,, 


AgCL 






Ratio. 


3.3>222 


10.00235 






33.i>4 


4.20093 


12.68762 






33.1" 


5.68888 


17.17842 






33. "7 


5.65346 


17.06703 






33.125 


4.08247 


12.32442 






33." 25 






• 
• 


Mean, 


33. "8, dt .0019 






Rose found, 


33.156, rb. 019 






Demoly 


found. 


34.581. db.030 



General mean, 33.123, d= .0019. 

the third series the chloride was decomposed by water, and after 
oration to dryness the resulting TiO, was strongly ignited. 



TiCU. 


TiOr 




Percent. TiO^, 


6.23398 


2.62825 






42.160 


8.96938 


3.78335 






42.181 


10.19853 


4.30«28 






42.176 


6.56894 


2.7701 1 






42.170 


8.99981 


3.79575 






42.176 


8.32885 


3-5"58 




Mean, 


42.162 




^2.171, db .0022 






Rose found, 


42.933, ±.121 






Demoly 


found. 


38.294, ±.180 



General mean, 42.171, :^ .0022 

short, the work of Rose, Pierre, and Demoly practically vanishes, 
lermore, as will t>e seen later, the three ratios now give closely 
13 
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a>crtH>iug values for the atomic weight of titanium. The cross 
iA^ll :/KOj is not directly given by either of Thorpe's series ; l»i 
data furnished by Rose and Demoly combine into a general me; 
•lAjiCn : TiO, : : UX>: 13.980, ± .0303. 

Some two years later Thorpe published his work more in detail,'* 
adilinl a set of determinations, like those made upon the chlorid 
which titanium tetrabromide was studied. Three ratios were nieasi 
it.«4 was the Oiise with the chloride. In the first, the bromide was dec 
poHiKl by water and titnited with a silver solution. 

TiSr^. Ag. TiBr^ : tooAg. 

i.854735 3.34927 85.235 

3.120848 3.66122 85.241 

4.731118 5-55097 85.230 

6.969075 8.17645 85.234 

6.678099 7.83493 85.234 

Mean, 85.235. ±1 .0027 

lu the four la^t experiments of the preceding series, the silver bron 
t'onaod was woijijhed. The third column gives the TiBr^ proportiona 



\K\\ parts of AgBr. 






TiBr^, 


AgBr. 


Ratio. 


3.120&48 


6.37539' 


48.951 


4.731118 


9.663901 


48.957 


6.969075 


14,227716 


48.982 


6.678099 


13639956 

• 


48.959 



Mean, 48.962, dr .0049 

h\a- tho thiixl ratio the bromide was decomposed by water; and a 
rA.ijMuuliou with ammonia the residual titanic oxide was ignited ; 



lvy0i>73O 
S.S36783 
9096309 


TiO^. 

1. 518722 
1.923609 

>.9795i3 


Percent. TiO^ 

21.790 
21.768 
21.762 



Mean, 21.773, — 0062 

ViU\uui^ Mvviivnder's work as unavailable, we have the following ra 

i>.) 4Ag '- TiCl^ : : 100 : 44017, ±1 .0031 
i2.) 4AgCl : TiCl^ : : too : 33.123, zb .0019 
U-) 4AgCl : TiO, : : 100 ; 13.980, rb .0303 
\\.\ TiCl^ : TiOj : : 100 : 42.171, ±: .0022 
^5.) 4Ag : TiBr^ : : 100 : 85. 235, rb .0027 
^6, 'J 4 AgBr : TiBr^ : : 100 : 48.962, zh .0049 
^7.) TiBr^ : TiO, : : 100 : 21.773, db .0062 



♦ K»wiu. Chem. Soc., Feb., 18S5, p. 108. and March, p. 129. 
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se are to be computed with — 

O = 15.879, ± .0003 
Ag = 107. 108, zt .0031 

ci = 35-179, ±.0048 



Br = 79.344, ± .0062 
AgCl = 142.287, db .0037 
AgBr = 186.454, zt .0054 



the molecular weight of titanium chloride they give two values : 

From (I) TiCl^ = 188.583, rfc .0144 

From (2) ** = 188.519, i.o'i 19 

General mean . .' TiCl^ = 188.545, db .0092 



• TiBr^ we hav 

From (5) TiBr^ = 365.174, ± .0157 

From (6) " = 365.163, db .0380 

General mean TiBr^ = 365. 172, ifc .0145 

1 for the atomic weight of titanium five values are calculable, as 
its: 

From molecular weight of TiCl^ Ti = 47.829, ± .0213 

From molecular weight of TiBr^ ** = 47.796, ± . 0260 

From (3) ** =47.809.^.1725 

From (4) ** = 47.698, db .0268 

From (7) " =47.738, db. 0787 

General mean Ti = 47.786, db .0138 

3 = 16, this becomes Ti = 48.150. 



GERMANIUM. 

e data relative to the atomic weight of germanium are rather scanty, 
are due entirely to the discoverer of the element, Winkler.* The 
tetrachloride was decomposed by sodium carbonate, mixed with a 
n excess of standard silver solution, and then titrated back with 
onium sulphocyanate. The data given are as follows : 



GeC/^, 

.1067 
.1258 
.2223 
.2904 


a Found. 

.076112 

.083212 

.147136 
.192190 

Cie = 71.933. 


If 


M 


ean, 

16 


rceni. CI. 

66.177 
66.146 
66.188 
66.182 


nee, with CI = 35.179, ( 


66.173 

,Ge — 72.481. 



• Journ. far Prakt. Chtrm. (2), 34, 177. 1886. 
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..ii'.aiii has been determine<l bv Berzelim, 
. ...::. j.iul Bailey. Berzelius* ignited the 
.* .si;t?ri;ained the ratio in it between theZiO, 

ii L'>.\ he gives the following pro}>ortioRil 

75.84 
75-92 
75.80 

75.74 
75.97 
75.85 



Mean, 75.853, zt .023 

' 1 4- ;w« the percentage of zirconia in the sulphate. 

>^. i.i:c ot* the atomic weight of zirconium was bas«J 

■ ., .'.r.oride, concerning which he gives no details nor 

^L \::nevl zirconium chloride he finds Zr = 831.4 

^■.., rvnii two lots of the basic chloride 2ZrOClj.9H,0, 

. N.-: *!^ respectively. The mean of all three is S39.t)2; 

..x.vi'i vrmuhv and O = 15.879, Zr becomes = 8S.8S2. 

v^.z-v ; ^cre' obtainetl by analyzing the double fluoride of 

vs;v.>cv;uui. His weights are as follows : 

w ^'■". il-^ve .431 grm. ZrO, and .613 grm. KjSO^. 



.864 ♦• 1.232 



.XV 

.2S2 " .399 '* 



'^* 



>. V 



2.169 " 3.07S 

,^.. •-> ^^v us thn^o ratio.s. A, the ZrO, from 100 parts of?fllt; 
yx:,* Aiii lA* jKirts of salt; and C, the ZrO, proportional to U*' 

\ B. C. 

61.300 70.310 

61.600 70.130 

61.000 70.677 

, i ixV- 61.560 70.46S 



*v* -V 



is.* 



XX* 



*.v >? 



V,^ . K- -'^v. ■ ^^♦,^ M^an, 61.365, :h .094 Mean, 70.396, 1^079. 

.. .^ ol\*Aiv< IVriolius, ignited the sulphate, and also made* 

.■ \s. u "i n^Vl. Chem.. 31. 77. Berz. Jahrcsb., 25, 147. 
V!4ii K'Sim rhv*, v»xV tH). 270. 1S60. 
\iiixJ VixxKiia. V. iS. iSiii-'S2. 
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et of experiments with the selenate of zirconium, obtaining re- 
bllows : 

Sulphate, ZtiSO^^, 



1.5499 grm. 


salt 


gave 


.6684 ZrO,. 


43.126 


per cent. 


1.5445 






.6665 " 


43.153 




2.1683 






.9360 *' 


43.«68 




1.0840 






.4670 " 


43.081 




.7913 






.3422 *' 


43.321 




.6251 






.2695 ** 


43. "3 




•4704 






.2027 " 


43.091 





Mean, 43. 150, zii .0207 
Selenate. Zr{SeO^\. 



1.0212 


grm. 


salt 


gave 


.3323 ZrO,. 


32.540 per cent. 


.8418 




(( 




.2744 •' 


32.597 " 


.6035 




<i 




.1964 '* 


32.544 •• 


.8793 




( t 




.2870 " 


32.640 ** 


.3089 




t( 




.1003 *' 


32.470 •* 



Mean, 32.558, ib .0192 

* also ignited the sulphate, after careful inve«tigation of his 
, and of the conditions needful to ensure success. He found that 
wras perfectly stable at 400°, while every trace of free sulphuric 
expelled at 350°. The chief difficulty in the process arises from 
that the zirconia produced by the ignition is very light, and 
rried off mechanically, so that the percentage found is likely to 
w. This difficulty was avoided by the use of a double crucible, 
• one retaining particles of zirconia which otherwise might be 
le results, corrected for buoyancy of the air, are as follows : 



2.02357 salt 


gave 


.87785 ZrO,. 


43-38' P«' C«"'' 


2.6185 




i.«354 




43-3^* 




2.27709 




-98713 




43350 




2.21645 




.96152 




43-385 




1.75358 




.76107 




43-402 




1.64065 




.7120 




43.397 




2.33255 




1.01143 




43-3^'' 




I. 81 105 




.78485 




43-337 





Mean, 43 372. - .0056 

jorabined with previous det'.-rmi nations, n'lvtrnr 

Berzelias 43-134. ' .''142 

Wciball 43' ' 5^'. * .Oi//j 

Bailey 4^372. ? ^^^^^/* 

General mtac , . 43. 317, r //>5I 
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For computing the atomic weight of zirconium we now have the s 
joined ratios : 

(i.) Percentage ZrO, in Zr(SOJ„ 43.317, ± .0051 

(2.) Percentage ZrO, in Zr(ScOj„ 32.558, ± .0192 

(3.) Percentage ZrO, from K,ZrF^, 43.200, ± .043 

(4.) Percentage KjSO^ from K,ZrF^, 61.365, ± .094 

(5.) KjSO^ : ZrO, : : 100 : 70.396, ± .079 

Tlie antecedent atomic weights are — 

O = 15.879, ± .0003 K = 38.817, d= .0051 

S = 31.828, zt .0015 F = 18.912, d= .0029 

Se = 78.419, db .0042 

With these data we first get three values for the molecular weight 
zirconia : 

From (i) ZrO, = 121.454, db .0182 

From (2) ** =121.708,1+1.0798 

From (5) ♦• = 121.770, d= .1370 

General mean ZrO, = 121. 471, zfc .0176 

Finally, there are three independent estimates for the atomic weij 
of zirconium : 

From molecular weight ZrO, Zr = 89.713, db .0177 

From ratio (3) " = 89.437, ± .2390 

From ratio (4) ** = 90.778, dt .4326 

General mean Zr = 89.716, zn .0175 

If = 16. Zr = 90.400. 

Here the first value alone carries appreciable weight. 



TIN. 199 



TIN. 

The atomic weight of tin has been determined by means of the oxide, 
he chloride, the bromide, the sulphide, and the stannichlorides of potas- 
jiurn and ammonium. 

The composition of stannic oxide has been fixed in two ways: by 
synthesis from the metal and by reduction in hydrogen. For the first 
method we may consider the work of Berzelius, Mulder and Vlaanderen, 
Dumas, Van der Plaats, and Bongartz and Classen. 

Berzelius * oxidized 100 parts of tin by nitric acid, and found that 
127.2 parts of SnO, were formed. 

The work done by Mulder and Vlaanderen t was done in connection 
with a long investigation into the composition of Banca tin, which was 
found to be almost absolutely pure. For the atomic weight determina- 
tions, however, really pure tin was taken prepared from pure tin oxide. 
This metal was oxidized by nitric acid, with the following results. 100 
parts of tin gavet of SnO, : 

127.56— Mulder. 
127.56 — Vlaanderen. 
127.43 — Vlaanderen. 

Mean, 127.517, ± .029 

Dumas J oxidized pure tin by nitric acid in a flask of glass. The re- 
sulting SnOj was strongly ignited, first in the flask and afterwards in 
pkttnum. His weighings, reduced to the foregoing standard, give for 
dioxide from 100 parts of tin the amounts stated in the third column : 

12.443 grm. Sn gave 15.820 grm. SnO,. 127.14 

15976 " 20.301 *• 127.07 



Mean, 127.105, ib .024 

In an investigation later than that previously cited, Vlaanderen § 
found that when tin was oxidized in glass or porcelain vessels, and the 
resulting oxide ignited in them, traces of nitric acid were retained. 
When, on the other hand, the oxide was strongly heated in platinum, 
the latter was perceptibly attacked, so much so as to render the results 
Uncertain. He therefore, in order to ^x the atomic weight of tin, reduced 
the oxide by heating it in a porcelain boat in a stream of hydrogen. Two 
experiments gave Sn = 118.08, and Sn = 118.24. These, when O = 16, 
become, if reduced to the above common standard. 



• Poggend. Annal , 8, 177. 

t Journ. fOr Prakt. Chera., 49, 35. 1849. 

X Ann. Chem. Pharm., 113, 26. 

I Jahresbericht. 1858, 183. 
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Ammonium Stannicfdoride, 



Am^nCl^ 


Sn Found. 


Per cent, Sn 


1.6448 . 


.5328 


32.393 


1.8984 


.6141 


32.347 


2.0445 


.6620 


32.381 


2.0654 


.6690 


32.391 


2.cx>58 


.6496 


32.386 


2.4389 


.7895 


32.371 


4.0970 


1.3254 


32.351 


3.4202 


1. 1078 


32.390 


3.6588 


I. 1836 


32.349 


1.5784 


.5108 


32.362 


7.3248 


2.3710 


32.370 


13.1460 


4.2528 


32.351 


X 1.9483 


3.8650 


32.348 


18.4747 


5.9788 


32.362 


18.6635 


6.0415 


32.371 


17.8894 


5.7923 


32.378 



Mean, 32.369, db .0088 

One other method of determination for the atomic weight of tin 
employed by Bongartz and Classen. Electrolytic tin was converted 
sulphide, and the sulphur so taken up was oxidized by means of hydr 
peroxide, by Classen's method, aind weighed as barium sulphate, 
results, as given by the authors, are subjoined : 

Sn Taken. Per cent, of S Gained. 

2.6285 53.91 

.7495 53.87 

1.4785 53.94 

2.5690 53.94 

2.»765 53.85 

1.3245 53-88 

.9897 5383 

2.7160 53.86 



Mean, 53.885, =h .0098 

This percentage of sulphur, however, was computed from weig 
of barium sulphate. What values were assigned to the atomic w 
of barium and sulphur is not stated, but as Meyer and Seubert's f 
are used for other elements throughout this paper, we may assum 
they apply here also. Putting O = 15.96, S = 31.98, and Ba = 1 
the 53.885 per cent, of sulphur becomes 392.056, ±: .0713 of BiiSC 
compound actually weighed. This gives us the ratio — 

Sn : 2l3aSO^ : : loo : 392.056, it .0713 

as the real result of the experiments, from which, with the later 
for Ba, S, and O, the atomic weight of tin may be calculated. 
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We now have, for tin, the following available ratios : 

(l.) Sn : SnO, : : lOO : 127.076, dt .0026 

(2.) 4Ag : SnCI^ : : lOO : 60.207, dc .0060 

(3.) Percentage of tin in SnBr^, 27.123, dr .0020 

(4.) Percentage of tin in K,SnClg, 29.040, db .0021. 

(5.) Percentage of tin in Am,SnClg, 32.369, dz .0088 

(6.) Sn : 2BaS04 : : 100 : 392.056, di .0713 

The antecedent values are — 

O == 15.879, dr. 0003 K= 38.817, d=. 0051 

Ag = 107.108, d=. 003 1 N= 13.935, d= .0021 

CI = 35-179, ±0048 S = 31.828, dz. 001 5 

Br = 79.344, d= .0062 Ba = 136.392, d= .0086 

With these, six independent values for Sn are computable, as follows : 

From (i) Sn = 117.292, zfc .0115 

From (2) " = 117.230, d= .0331 

From (3) " = 1 18.120, zfc .0131 

From (4) " =118. 152, dr .0155 

From (5) •• = 1 18. 190, dz .0382 

From (6) '* = 1 18.216, ±: .0220 

General mean Sn = 1 17.805, d= .0069 

If = 16, Sn = 118.701. 

If we reject the first two of these values, which include all of the older 
vrork, and take only the last four, which represent the concordant results 
of Bongartz and Classen, the general mean becomes — 

Sn = 1 18. 150, zh .0089 

Or, with O = 16, Sn = 119.050. This mean I regard as having higher 
probability than the othej. 

A single determination of the atomic weight of tin, made by Schmidt,* 
ought not to be overlooked, although it was only incidental to his research 
upon tin sulphide. In one experiment, 0.5243 grm. Sn gave 0.6659 SnO,. 
Hence, with O = 16, Sn = 118.49. This lies about midway between the 
two sets of values already computed. 

♦ Berichte, 27, 2743. 1894. 
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THORIUM. 

The atomic weight of thorium has been determined from analyses of 
the sulphate, oxalate, formate, and acetate, with widely varying results. 
The earliest figures are due to Berzelius,* who worked with the sulphate, 
and with the double sulphate of potassium and thorium. The thoria 
was precipitated by ammonia, and the sulphuric acid was estimated as 
BaSO^. The sulphate gave the following ratios in two experiments. The 
third column represents the weight of ThO, proportional to 100 parts of 
BaSO,: 

.6754 grm. ThO, = 1.159 gnn. BaSO^. Ratio, 58.274 
1.0515 " 1.832 " " 57.396 

The double potassium sulphate gave .265 grm. ThO„ .156 grm. S0„ 
and .3435 K,SO,. The SO,, with the Berzelian atomic weights, repre- 
sents .4537 grm. BaSO,. Hence 100 BaSO, is equivalent to 58.408 ThO,. 
This figure, combined with the two previous values for the same ratio, 
gives a mean of 58.026, di .214. 

From the ratio between the K,SO, and the ThO, in the double sul- 
phate, ThO, = 266.895. 

In 1861 new determinations were published by Chydeniu8,t whose 
memoir is accessible to me only in an abstract^ which gives results with- 
out details. Thoria is r^arded as a monoxide, ThO, and the old equiv- 
alents (O «=s 8) are useil. The following values are assigned for the 
molecular weight of ThO, as found from analyses of several salts : 

Ffvm SuiphaU, From K. Tk. Sulphate. 

66.33 67.02 

67.13 

67.75 
6S.03 



Mean, 67.252, dr .201 



Ffx^m AtYMr. From Form^tU. From Oxalate, 

^7, 31 6S 06 65.87 -fc Two results 

W>.50 67.S9 65.95/ by Berlin. 

07.27 6S.94 65.75 

07,00 65,13 

OS, 40 MeAn, 6S,207, := -^19 66 54 



Mc*n, 07.320, \ .i\M 



65.85 
Mean, 65,85, d=.i23 



♦ Kcmi^k «n»Wn»AVwmn At Vh^nuMsl xvh Tht^TMUcr. Hclsast^bra. itti. Km academic di»fr- 
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ly fairly assume that these figures were calculateil with - - 8, 
id S = 16. Correcting by the values for these elements which 
n found in previous chapters, ThO, becomes as follows : 

From sulphate ThO, = 267. 170, i .7950 

From aceute '* = 267.488, i .7950 

From formate '* = 271.239, ri: .8698 

From oxalate ** = 261.478, d= .4884 

General mean ThO, = 265.103, ± -3394 

ngle result from the double potassium sulphate is included with 
nn from the ordinary sulphate, and the influence of the atomic 
f potassium is ignored. 

nius was soon followed by Marc Delafontaine, whose reHcarchuH 
I in 1863.* This chemist especially studied thorium sulphate ; 
I its most hydrous form, partly as thrown down by boiling. In 
,.9H,0, the following percentages of ThO, were found : 

45.08 
44.90 

45.06 

45.2' 
45.06 

Mean, 45062, ±. .0332 

ower hydrate, 2Th(S04),.9H,0, wa« more thoroughly inve«ti- 
The thoria was estimated in two wayH : FirHt (\), by prttfnipiUir 
xalate and subsequent ignition ; second (B;, by direct ^ralcinatioti. 
srcentages of ThO, were found : 

52.83 I 

5^-52 ■ A. 
52.72 

52.13 J 

52.47 , 

52.49 j 

52.53 I 
52-13 

52.13 p 

52.V> 
52.4r> 

52.'/' 
S2M 



> 



ree experirc**!:.:* wiic. tr.i* l'/ir*rr hr^ri^V: r^^ >-%^;/r. v,/; v,v: -w*** 
ria: 

•Xrti. V::. Vxy* fr Sf-*f > :> >„ 
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1.3435 gtin. gave .400 SO,. (1.1656 grm. BaSOj.) 

1. 138 ■■ .366 ■■ (1.066S ■■ ) 

-734 " ■2306 ■• ( .6720 ■■ ) 

Tlie figures in parenlheees are reproduced by myself from Delifiw 
taine's results, be having calculated his analyses with = 100, S = Mft 
and Ba -^ 857. These data may lie reduced to a common standard, 
as to represent the quantity of 2Th(SO,),.9H,0, equivalent to lOOpu 
of BaSO,. We then have the following results : 



Delafontaine was soon followed by Hermann.* who published a 
analysis of the lower hydrated sulphate, as follows : 



ing!. 



ThO,.. 
SO,... 
H,0.. 



= 262.2 



Prob- 



Hence, from the ratio between SO, and TliO,, ThO, 
ably the SO, percentage was loss upon calcination. 

Both Hermann's results and those of Delafontaine are affected by one 
serious doubt, namely, as to the true composition of the lower hydrated 
Bulphate. The latest and best evidence seems to establish the fact tiM 
it contains four molecules of water instead of four and a half,t a fart 
which tends to lower the resulting atomic weight of thorium consid- 
erably. In the final discussion of these data, therefore, the forraaU 
Th{S0i\.4H,0 will be adopted. As for Hermann's single analysis, hia 
percentace of ThO,, 52.87, may be included in one series with Delafon- 
taine's, giving a mean of 52.53.5, ± .0473. 

The next determinations to consider are those of CIeve,t whose resulWi 
obtained from both the sulphate and tlie oxalate of thorium, agree »!' 
mirably. The anhydrous sulphate, calcined, gave the subjoined per- 
centages of thoria: 

63.442 

fii.477 

6a,430 

6a.470 

61357 

61.366 

MUH, 61.413, :±;.OI) 

• Journ. far FnkL Chctn.. gj. t it. 

t Ste Hillebnind, Bull, 90, D, B. GeoL Survey, p. *f, 

I E. Sniuka Vet. Afead. Kandllug., Bd. i. No. fi, 1B74. 



THORIUM. 207 

The oxalate was subjected to a combustion analysis, whereby both 

thoria and carbonic acid could be estimated. From the direct percentages 

of these constituents no accurate value can be deduced, there having 

undoubtedly been moisture in the material studied. From the ratio 

between CO, and ThO„ however, good results are attainable. This ratio 

1 put in a fourth column, making the thoria proportional to 100 parts of 

carbon dioxide: ' 



Oxalate. 


ThO^, 


CO^. 


Ratio. 


1. 7135 grm. 


1. 01 89 grm. 


.6736 grm. 


151.262 


1.3800 ** 


.8210 '* 


.5433 " 


151. 114 


1.1850 " 


.7030 *' 


.4650 ** 


151. 183 


1.0755 •* 


.6398 " 


.4240 " 


150.896 



Mean, 151. 114, ±.053 

In 1882, Nilson's determinations appeared.* This chemist studied 
both the anhydrous sulphate, and the salt with nine moleculas of water, 
using the usual calcination method, but guarding especially against the 
hygroscopic character of the dry Th (SO J, and the calcined ThO,. The 
hydrated sulphate gave results as follows : 



Th{S0,\.9H^0, 


ThO^. 


Percent, ThO. 


2.0549 


.9267 


45.097 


^'1^2^ 


.9615 


45092 


3.0017 


1.3532 


45.081 


2.7137 


1.2235 


45.086 


2.6280 


I. 1849 


45.088 


1.9479 


.8785 


45.099 



Mean, 45.091, dr .0019 
Delafontaine found, 45.062, d= .0332 



GeneraUmean, 45.090, :+: .0019 

The anhydrous sulphate gave data as follows : 

Th[SO^r ThOr Percent. ThO^. 

1.4467 .9013 62.300 

1.6970 1.0572 62.298 

2.0896 1.3017 62.294 

1.5710 .9787 62.298 

Mean, 62.297, di .0009 

The last four determinations appear again in a paper published five 
yeare later by Kriiss and Nilson,t who, however, give four more made 

•Bcr. Dcutsch. Chcm. Ge»ell., 15, 2519. i88a. 
fBer. Dcutsch. Chera. GescU., ao, 1665. 1887. 
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upon material obtained from a diflTerent source. Th6 new data are sal 

joined : 

Th(SO^\, ThO^. Percent ThO^ 

1. 1630 .7245 62.296 

.8607 -5362 62.298 

1. 54 '7 .9605 62.301 

1.52x7 .9479 62.292 

Mean, 62.297, ±.0013 

Nilson's series, 62.297, db -0009 

Qeve found, 62.423, db .0140 

General mean, 62.298, d: .0007 

From Chydenius' work we have four values for the molecular wd^ 
of thoria, which, combined as usual, give a general mean of ThO,= 
265.103, ± .3394. We also have the following ratios : 

(I.) 2BaS04 : ThO, : : 100 : 58.026, dr .214 

(2.) 2BaSO^ : Th(S04)j.4H,0 : : 100 : 107.509, ±. .585 

(3.) 4CO, : ThO, : : 100 : 151. 1 14, ± .053 

(4.) Percentage of ThO, in Th(S04),.9H,0, 45.090, db .0019 

(5.) Percentage of ThO, in Th(S04),.4H,0, $2,535, =t .0473 

(6.) Percentage of ThO, in Th(S04),.62.298, d= .0007 

Reducing with the following data, seven values for the atomic weigbt 
of thoria are calculable : 

0= 15.879, ± .0003 C = 11.920, di .0004 

S = 31.828, lb .0015 Ba = 136.392, d= .0086 

The values for ThO^ are — 

Chydenius' determinations ThO, = 265.103, dr .3394 

From (i) ** = 268.937, dz .9919 

From (2) . .^. " =268.021, d= 2.71 15 

From (3) " = 264. 120, d= .0927 

From (4) ** = 262.641, d: .0149 

From (5) '* = 255.061, d= .3426 

From (6) '* = 262.613, ± .0081 

General mean ThO, = 262.626, d= .0071 

Hence Th = 230.868, ± .0071. 
If = 16, Th = 232.626. 
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The material from which we are to calculate the atomic weight of 
phosphorus is by no means abundant. Berzelius, in his Lehrbuch,* 
^duces only his own experiments upon the precipitation of gold by 
: phosphorus, and ignores all the earlier work relating to the composition 
^ of the phosphates. These experiments have been considered with refer- 
ence to gold. 

Pe\ouze,t i*^ ^ single titration of phosphorus trichloride with a stand- 
jtfd solution of silver, obtained a wholly erroneous result ; and Jacque- 
tlain,t in his similar experiments, did even worse. Schrotter's criticism 
m^n Jacquelain sufficiently disposes of the latter. § 

Only the determinations made by Schrottec, Dumas, and Van der 
Flaats remain to be considered. 

Schrotterll burned pure amorphous phosphorus in dry oxygen, and 
weighed the pentoxide thus formed. One gramme of P yielded 1^0^ in 

the following proportions : 

2.28909 

2.28783 

2.29300 

2.28831 

2.29040 

2.28788 

2.28848 

2.28856 

2.28959 

2.28872 

Mean, 2.289186, zb .00033 

Dumas ^ prepared pure phosphorus trichloride by the action of dry 
chlorine upon red phosphorus. The portion used in his experiments 
boiled between 76** and 78°. This was titrated with a standard solution 
of silver in the usual manner. Dumas publishes weights, from which I 
calculate the figures given in the third column, representing the quantity 
of trichloride proportional to 100 parts of silver : 



1.787 grm. PCI, 


— 4.208 j 


grm. 


Ag. 




42.4667 


1.466 


3.454 


«( 






42.4435 


2.056 


4.844 


( i 






42.4443 


2.925 *• 


6.890 


ti 






42.4528 


3.220 ** 


7.582 


< < 




Mean, 


42.4690 
► 42.4553, ± .0036 



14 



•5th cd., 1 188. 
fCompt. Rend., 20, 104.7. 

1 Compt. Rend., 33, 693. 

2 Journ. fOr Prakt. Chera., 57, 315. 

I Journ. fQr Prakt. Chem., 53, 435. 1851. 
f Ann. Chem. Pharm., 113, 29. i860. 
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By Van der Plaats* three methods of determination were adop 
and all weights were reduced to vacuum standards. First, silver 
precipitated from a solution of the sulphate by meand of phospho; 
The latter had been twice distilled in a current of nitrogen. The sil' 
before weighing, was heated to redness. The phosphorus equivaleni 
100 parts of silver is given in the third column. 

.9096 grm. P gave 15.8865 Ag. 5-7256 

.5832 ** 10.1622 ** 5.7389 

Mean, 5.7322, dz .0045 

The second method consisted in the analj'sis of silver phosphate ; 
the process is not given. Van der Plaats states that it is difficult to 
sure of the purity of this salt. 

6.6300 grm. AgjPO^ gave 5. 1250 Ag. 77-300 per cent. 

12.7170 " 9.8335 ** 77.326 " 

Mean, 77.313, dz .0088 

In the third set of determinations, yellow phosphorus was oxidize*! 
oxygen at reduced pressure, and the resulting P^Oj was weighed. 

10.8230 grm. P gave 24.7925 PjO^. Ratio, 2 29072 

7.7624 ** 17-7915 " ** 2.29201 

As these figures fall within the range of Sch rotter's, they may be a' 
aged in with his series, the entire set of twelve determinations giv 
a mean of 2.28955, ± .00032. 

From the following ratios an equal number of values for P may 1 
be computed : 

(I.) 2P : PjOj. : : l.o : 2.28955, =b .00032 
(2.) 3Ag : PCI3 : : 100 : 42.4553. ± .0036 
(3-) 5^^ : P : : lOO : 5.7322, ±: .0045 
(4.) AgjPO^ : 3Ag : : 100 : 77. 3«3, ±: .0088 

Starting with = 15.879, ± .0003, Ag = 107.108, ± .0031, and C 
35.179, ± .0048, we have— 

FVom (i) P = 30.784, d= .0077 

From (2) '* =r 30.882. db .0189 

From (3) •• r^ 30698, db .0241 

From (4) " --=30.774, rb. 0382 

General mean P =rr 30.789, rb .0067 

IfO = l(), P=- 31.024. 

The hiirhest of these figures is that from ratio number two, repres 
ing the work of Dumas. This is possibly due to the presence of c 
chloride, in traces, in the trichloride taken. 8uch an impurity, if pres 
would tend to raise the apparent atomic weight of phosphorus. 

•Compt. Rend., 100, 52. 1885. 
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VANADIUM. 

;'b determination of the atomic weight of vnnadtum was the first 
iny acientifit; value. The result* obtained by Berzelius* and by 
iczt were unquentlonahly too high, the error being probably 
le presence of phosphoric acid in the vanadic acid employed, 
ticular impurity, as Roscoe has shown, prevents the complete 
1 of \',0j to V,0, by means of hydrogen. All vanadium ores 
imall (luantities of phosjihoms, which can only be detecte<l with 
iim molybdate— a reaction unknown in Berzelius' time. Fur- 
(, the complete puritication of vanadic acid from all traces of 
ric acid is a matter of (jreat difficulty, and probably never waa 
ished until Roscoe undertook hie reaeurches. 

determination of the atomic weight. Roscoe J studied two com- 
if vanadium, namely, the pentoxide, V,Oi, and the oxychloride, 

The pentoxide, absolutely pure, was reduced to V,0, by heating 
'gen, with the following results : 



grai. V.Oj gave 6.3S27 grai. V,0,. 




17.533 pel- ceri 


5-4^96 ■' 




■7.507 


4-^319 ■■ 




'7.489 


4.1614 




'7-5'5 


grm, Vp„ leoxidizcd, gave 6.58145™ 


-VA- 


17.501 per cent 




Mean 


17.509. ±-O0S 



SV — 50.993, ± .ima. 

the oxychloride, VOClj, two series of experiments were made — 
metric, the other gravimetric. In the volumetric series the com- 
aa titrated with solutions containing known weights of silver. 
ad been purified according to the methods recommended by 
oscoe publishes his weighings, and gives percentages deduced 
ni ; his figures, reduced to a common standard, mafee the quan- 
i'OCij given in tile third column proportional to 100 parts of 
He was assisted by two analysts: 

Aialyst A. 



a.43»* grm. VOCI, 


= 4-55^5 Ei-i". Ae. 


53.425 


4.6840 




8.7505 




53 5^8 


4.1(88 




7.8807 




53-533 ' 


3-M9° 


' 


7.3799 




53.510 


.9143 




1.7367 




53.530 


1-4330 




3, (.769 




53-53* 


•PoBg 


Dd. Ad 


11.1., 21, 14. 


i93'. 




tPOBK 






.B63. 




I Jour 


.Chem 


9«., 6. pp 




<86S, 
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Analyst B,^ 

2.8530 grm. VOCI3 5- 2853 gnn. Ag. 
2.1252 " 3.9535 
1.4248 " 2.6642 


53.980 
53.755 
53.479 



Mean, 53.586, ±, .039 

The gravimetric series, of course, fixes the ratio between VOC 
AgCl. If we put the latter at 100 parts, the proportion of VOCl 
given in the third column : 



Analyst A. 

1.8521 grm. VOa, gave 4-5932 gnn. AgO. 40.323 

.7013 
.7486 

1.4408 



.9453 
1.61S3 



1.7303 ** 40.53" 

1.8467 *• 40.537 

3.57 "9 * 40.337 

2.3399 " 40.399 

4.0282 ** 40.174 



Analyst B. 

2.1936 gnn. VOO, gave 5.4039 gnn. AgO. 40.391 

2.5054 *• 6.2U8 ** 40.333 



Mean, 40.37S, rr .02S 

These two series give us two values for the molecular weight of V( 

From Tolametric series VOCI, = 172.185. :^ .1254 

From graTunetric series '* = 172.35S. — .1 196 



General mean VOCIj = 172.277, zr .0666 

Hence V = oO.SSl, — .OS77. 

Combiniiisi the two value:? for V, we have : 

From VOCV V = 50.881. = .0877 

From VjOj - = 50.995, — .0219 



General me^n V =: 50.9S6, :^ .0212 

If O = 10. V = .il.oTt^. T!:e:^e valuta are calculateil with = 1*5 
±: .0003: ll = ;x>.17^.\ n .C*4>: Ajr = H^T.HiS, — .<»>31. and Ag< 
142/2S7. ifc .♦ VCJ7. 



ARSENIC. 



■determination of the atomic weight of areenic three compounds 
I studied — the chloride, the trioxide, and sodium ]>yroareenate, 
lide may also be considered, since it was analyzed by Wallace 
x> establish the atomic weight of bromine. Hia series, in the 
lore recent knowledge, may properiy be inverted, and applied 
:erminatiQn of areenic. 

D Berzelius* heated arsenic trioxide with sulphur in such away 
SO, could escape. 2.203 grammes of A3,0j, thus treated, gave 
1.069 of SO,. ' Hence As = 74.460. 

j Pelouzef applied his method of titration with known quan- 
iure silver to the analysis of the trichloride of arsenic, AsC'l,. 
) old Berzelian atomic weights, and putting Ag = 1349.01 and 
2, he found in three experiments for As the values 937.9,937.1, 



If H., 



i! HX) jmrts of silver balance the following (juantities 



56.009 

56.016 



\ ...... 

the same method was employed by Dumas.J whose weighinga, 

the foregoing standard, give the following results : 

1 4.3^8 grm. AsClj = 7.673 grm. Ag. Balio, 56.015 
i S.535 '■ 9.S8fj " ■' 56.022 
ft 7.660 " 13.686 ■■ 55.970 

B 4.680 8.358 ■■ " 55.993 

P Mean, 56.000, -± .008 

Eeries of I'elouzf and l)uma,H, combined, give a general mean 
!, i: .003-1, as the amount of AstJl, equivalent to 100 parts of 
Tence As =• 74.4.50, ± .019, a value closely agreeing with that 
from the single experiment of Berzelius. 

me process of titration with silver was applied by Wallace § to 
sisof arsenic tribroniide, AsBr,. This compound was repeatedly 
to ensure purity, and was well crystallized. His weighinga 
t the quantities of bromide iven in the third column are pro- 
dIOO purls of silver: 

8.3146 gnn- Asllr, = 8.58 gmi. Ag. 97.0^3 

4.4368 •■ 4.S73 " 97.0" 

3,098 " 5.357 ■■ 96.970 

Mean, 97.005. ± .011 
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Hence As = 73.668, zh .0436. Why this value should be so i 
lower than that from the chloride is unexplained. 

The volumetric work done by Kessler.* for the purpose of establie 
the atomic weights of chromium and of arsenic, is described ir 
chromium chapter. In that investigation the amount of potas 
dichromate required to oxidize 100 parts of As,0, to As^Oj was detenu 
and compared with the quantity of potassium chlorate necessary to 
duce the same eflfect. From the molecular weight of KCIO,, th; 
Kfirfi^ was then calculable. 

From the same figures, the molecular weights of KCIO, and of K,( 

being both known, that of As,Oj may be easily determined. The qi 

titles of the other compounds proportional to 100 parts of A8,0, ar 

follows : 

K^Cr^O^. KCIO^, 

98.95 41.156 

98.94 41. 116 

99.17 . 41.200 

98.98 ^ 4»-255 

99.08 41.201 

99.15 41.086 

41.199 

Mean, 99.045, i .028 41.224 

41. 161 

41.193 

41.149 
41.126 

Mean, 41.172, db .009 

Another series with the dichromate gave the following figures: 

99.08 
99.06 
99.10 

98.97 
98.97 

Mean, 99.036, d= .019 
Previous series, 99.045, rb .028 

General mean, 99.039, rb .016 

Other defective series are given to illustrate the partial oxidatio 
the ASjOg by the action of the air. From Kessler's data we get 
values for the molecular weight of As^O,, thus : 

From KClOg series As^Og = 196.951, ± .0445 

From KjCr^O^ series •' = 196.726, ±: .0562 

General mean AsjO, = 196.851, dz .0349 

And As = 74.607, ±: .0175. 

• Poggcnd Annal.. 95, 204. 1855. Also 113, 134. 1861. 
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The determinations made by Hibbs* are based upon an altogether 
liSerent process from any of the precedinsc measurements. Sodium 
pyroarsenate was heated in gaseous hydrochloric acid, yielding sodium 
chloride. The latter was perfectly white, completely soluble in water, 

Tinfased, and absolutely free from arsenic. The vacuum weights are 

wibjoined, with a column giving the percentage of chloride obtained 

{ifom the pyroarsenate. 



Na^Asfiy 


NaCL 


Percentage, 


.02177 


.01439 


66.100 


.04713 


•03115 


66.094 


.05795 


.03830 


66.091 


.40801 


.26981 


66.128 


.50466 


.33345 


66.092 


.77538 


.51249 


66.095 


.82897 


.54791 


66.095 


1.19124 


.78731 


66.092 


1.67545 


I. 10732 


66.091 


3.22637 


2.13267 


66.101 



Mean, 66.098, d= .0030 

Hence As = 74.340, ±l .0235. 

In the calculation of the foregoing values for arsenic, the subjoined 
atomic weights have been assumed : 

O = 15.879, ±0003 K =38.817,^.0051 

Ag= 107.108, lb .0031 Na = 22.881, ± .0046 

CI = 35.179,^1.0048 S =31.828, lb .0015 

Br = 79-344, ± .0062 Cr = 51.742, ± .0034 

To the single determination by Berzelius we may arbitrarily assign a 
"height equal to that of the result from Wallace's bromide series. The 
general combination is then as follows : 

From Berzelius' experiment As = 74.460, zb .0436 

From AsClj " = 74.450, ± .0190 

From AsBr, •• -- 73.668, d: .0436 

From AsjO, (Kessler) " = 74.607, dr .0175 

From Na^ASjO^ "=74.340,^.0235 

General mean As ^^ 74.440, ib .0106 

If = 16, As = 75.007. 

•Doctoral thesis. University of Pennsylvania, 1896. Work done under the direction of Professor 
E. P.Smith. In the fifth experiment the weight of NaCl is printed .33045. This is evidently a 
■imprint, which I have corrected by comparison with the other data. The rejection of this ex- 
P^nmcnt would not affect the final result appreciably. 
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ANTIMONY. 

After some earlier, unsatisfactory determiuationa, Berzelius,*in IfiSj 
publiahed his final estimation of the atomic weight of antiniouy. 
oxidized the metnl by means of nitric acid, and found that 100 inrtii 
antimony gave 124.8 of Sb,0.' Hence, if = 16, Sb = 129. 
value 129 remained in general acceptance until 1855, when Kessler.fblf 
special volumetric methods, showed that it was certainly much too hi^ 
Kesaler'a results will be eonaidered more fully further along, in coiiMfrl 
tion with a later paper ; for present purposes a brief otatcmeDt at libj 
enrlieri concIusionB will suffice. Antimony a^id various comjMunds 
antimony were oxidized partly by potassium dichroinate and partly bj 
potat^ium chlorate, and from the amounts of oxidizing agent re<iainJ 
the atomic weight in question was deduced ; 

By oxidmion of Sl:,Oj from loo parts of Sb Sb = l.aj.84 

Hy oiidaUon qf Sb wilh K.Cr.O, " = 123,61 

By OjLidMion of Sb wilh KCIO, + K,Cr,Oj •■ =113.72 

By oiidalbn of Sb,0, wllh KCIO, + K,Crp,. . . " = 113.8a 

By oKidBtioii of Sb,S. with K,Cr,0, " = 123,58 

By oxidation of tartar emetic " =^ 119.80 

The figures given are those calculated by Kessler himself. ArewilM- 
lation with our newer atomic weights for 0. K. CI, Cr, S, and C ffoiili 
yield lower values. It will beaeenthat five of the estimates agree clowlji 
while one diverges widely from the others. It will be shown hereftfta 
that the concordant values are all vitiated by constant errors, and thri 
the exceptional figure is after all the best. 

Shortly after the appearance of Keasler'a first paper, Sclmeidert pub- 
lished some results obtained by the reduction of antimonv sulphide in 
hydrogen. The material chosen was a very pure stibnite from Amsbergt 
of which the gangue was only quartz. This was corrected for, and cor- 
rections were also applied for traces of undecompoacd sulphide carriw 
off mechanically by the gas stream, and for traces of sulphur retained 
by the reduced antimony. The latter sulphur was estimated as bariuu 
sulphate. From 3.2 to 10. G grammes of material were taken in each tf" 
periment. The final corrected percentages of S in Sb,S, were 

38-559 
38-S57 
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28.485 
28.492 
28.481 



Mean, 28.520, ± .008 

Hence, if S = 32, Sb = 120.8. 

Immediately after the appearance of Schneider's memoir, Rose* pub- 
lished the result of a single analysis of antimony trichloride, previously 
made under his supervision by Weber. This analysis, if CI = 35.5, makes 
Sb = 120.7, a value of no great weight, but in a measure confirmatory of 
that obtained by Schneider. 

The next research upon the atomic weight of antimony was that of 
Dexter,t published in 1857. This chemist, having tried to determine 
the amount of gold precipitable by a known weight of antimony, and 
having obtained discordant results, finally resorted to the original method 
of Berzelius. Antimony, purified with extreme care, was oxidized by 
nitric acid, and the gain in weight was determined. From 1.5 to 3.3 
grammes of metal were used in each experiment. The reduction of the 
weights to a vacuum standard was neglected as being superfluous. From 
the data obtained, we get the following percentages of Sb in Sb^O^ : 

79.268 
79.272 

79.25s 
79.266 

79.253 
79.271 
79.264 
79.260 
79.286 

79.274 
79.232 
79.395 
79-379 



Mean, 79.283, ib .009 

Hence, if = 16, Sb = 122.46. 

The determinations of Dumas J were published in 1859. This chemist 
sought to fix the ratio between silver and antimonious chloride, and ob- 
tained results for the atomic weight of antimony quite near to those of 
Dexter. The SbCl, was prepared by the action of dry chlorine upon 
pure antimony ; it was distilled several times over antimony powder, 
and it seemed to be perfectly j)ure. Known weights of this preparation 
were added to solutions of tartaric acid in water, and the silver chloride 
^as precipitated without previous removal of the antimony. Here, as 

* Poggend. Annalen, 98, 455. 1856. 
t Poggend. Annalen, 100, 363. 1857. 
X Ann. Chira. Phys. (3), 55, 175. 



218 



THE ATOMIC WEIGHTS, 



Cooke haa eince shown, is a possible source of error, for under siwi 
circumatanoea the crystalline ar^ento-nntimonious tartrate may alsol* 
thrown down and containinate the chloride of silver. But be that m il 
may, Dumas' weighings, reduced to a common standard, give as propoPr 
tional to 100 parts of eilver, the quantities of SbCl, wbicli are stated in 
the third of the subjoined columns : 



1.876 yrtn 


SbCI, 


= a.66ogrni. Ag. 




70,5*6 


4.336 




6.148 ■■ 




70.5*7 


5.065 




7. 175 ■■ 




70-592 


3-475 




4.930 




70.487 


3767 




S-3SO ■' 




70.411 


S9'0 




8-393 " 




70.4.6 


4.Sig 




6.836 ■' 


Miran 


70,626 



Hence, if Ag= 108, and CI = 3-5.5. Sb = 1*22. 

In 1861 Kessler's second paper * relative to the atomic weight of iin- 
timony appeared. Kessler's methods were somewhat complicated, and 
for full details the original memoirs must be consulted, A standard 
solution of potassium dichromate was prepared, containing B.H6G 
grammes to the litre. With this, solutions containing known quantitiw 
of antimony or of antimony compounds were titrated, the end reaction 
being adjusted with a standard solution of ferrous chloride. In some 
uames the titration was preceded by the addition of a definite weight of 
potassium chlorate, insufficient for complete oxidation ; the dichroniatt 
then served to finish the reaction. The object in view was to deterniine 
the amount of oxidizing agent, and therefore of oxygen, necessary for 
the conversion of known quantities of antimonloua into antimonic com- 
pounds. 

In the later paper Kessler refers to his earlier work, and shows Ihsl 
the values then found for antimony were all too high, except in the <»« 
of the series made with tartar emetic. That series he merely states, and 
BUl«oquontIy ignores, evidently believing it to be unworthy of fiirthe* 
consideration. For the remaining series he points out the aonrceaof 
orror. These need not be rediseuased here, as the discussion would hava 
no value for present purposes ; suffice it to say that in the series repre- 
senting the oxidation of Sb,0, with dichromate and chlorate, the ma- 
terial useil was found to be impure. Upon estimating the impnrityand 
correcting for it, the earlier value of Sb = 123.80 becomes Sb — 122.36, 
according to Kew^ler's calculations. 

In the paper now under consideration four series of results are given. 
Tlio first represents experiments made upon a pure antimony trioxide 
which had been sublimed, and which consisted of shining colorisM 
needles. This was dissolved, together with some potassium chb 



hydrochloric acid, and titrated with dichromate solution. Six experi- 
ments were made, but Keseler rejects the first and second aa untrust- 
worthy. The data for the others are as followa : j 



t 



1.7S88 gim. 

3.399" ■' 
•-3438 '■ 



From these figures Kessler deduces Sb ^^ 122.16. 

These data, reduced to a common standard, give the following quanti- 
ties of oxygen needed to oxidize lOO parta of SbiO, to Sb,Oj. Each cubic 
«eiitinietre of the K,Cr,0, solution corresponds to one milligramme of : 

10.985 



t.oo7S 



In the second series of experimente pure antiinony was dissolved in 
hydrochloric acid with the aid of an unweighed quantity of potassium 
chlorate. The solution, contairiinfc both antimonious and antimonic 
compounds, was then reduced entirely to the antimtmious condition by 
means of stannous chloride. The excess of the latter was corrected with 
a atrong hydrochloric acid solution of mercuric chloride, then, after 
diluting and filtering, a weighed quantity of potassium chlorate was 
added, and the titration with dichromate was performed as usual. Cal- 
culated as above, the pereentjiges of oxygen given in the last column 
correspond to 100 parts of antimony : 



I 



S6. 

1.636 gtm 
3.0K15 ■■ 
4.565^ ■■ 



KCIO,. 

o.socx) grm. 



■8,3 



Percent. O. 



This seriea gave Kessler Sb = 122.34. 

The third and fourth series of experiments were mode with pure 
antimony trichloride, SbClj, prepared by the action of mercuric chloride 
upon metallic antimony. This preparation, in tlie third series, was dis- 
solved in hydrochloric acid, and titrated. In one experiment solid 
K,Cr,0, in weighed amount waa added before titration ; in the other two 
estimations KCIO, was taken as usual. The third column gives the 
percentages of oxygen corresponding to 100 parts of SbCl,. 
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Per cent. 0. 

•■8576 V^- SbCI, needed .5967 eitii. K,Cr,0, «nd 33.4 a., sol. 7.0338 
l-9n8 " .3019 " KCIO, " 16.1 ■■ 7.03JI 

■i-liJS " -fiSoi '■ KCIO, " 13.2 " 7.0M! 

Mean, 70194, * .««( 

Tlio fimrthsetof experimenta wm gravimetric. The3oluliono^SU3^ 
iiiixud with tartaric acid, was firat precipitated by hydrogen salpliidi, 
in order to remove the antimony. The excess of H^ was correctw] hy 
copper sulphate, and then the chlorine wae estimated as silver chluriile 
ill tiie ordinary manner. 100 parts of AgC'l correspond to the amounlt 
of SliCl, given in Uni third column. 

1.866a Etm. ShCI, gave 3.483 e™- AgCi. 53.580 

1.6832 ■■ 3.I4I ■' 53.588 

a 7437 '■ S.H'S ■' 53^77 

2.6798 - 5.0023 ■' 53.569 

5.047 ■• 9.411 ■• 53.619 

3.8975 '■ 7.2585 '■ 53.690 

Mean, 53.633, ±.015 

'I'ho voUunotric series with SbCl, gave Kessler values for Sb miiging 
fpnrn 121.16 to r21,47. Thegra\imetricseries, on the other hand, yielded 
w\\\\» from 8b = 124.12 to 124.67. This discrepancy Kessler righllj 
nttrihutes to the presence of oxygen in the chloride; and, ingenioueif 
("irrwting for this error, he deduces from both sets combined the value of 
Hlj-l:i2.S7. 

Tho MfU'orul mean results for antimony agree so fairly with each other, 
lliid with the estimates obtained by Dexter and Dumas, that we cannot 
wonder that Kessler felt satisfied of their general correctness, and of the 
limiicuracy of tho figures published by Schneider. Still, the old seria 
nf data ohtained by the titration of tartar emetic with dichromate con- 
Utliiod no evident errors, and was not accounted for. This series,* if 
wu reduce all of Kessler's figures to a single common standard, gives ■ 
ratio between K,Cr,0, and C.H.KSbO,.iH,0. 100 parts of the former 
will oxidize of the latter : 

336.64 

338.01 

336.83 

337-93 

338. S9 

33S-79 
Mean. 337-30. ±.29 

Krom this, if K,Cr,0,= 292.271, Sb = 118.024. 

'I'lin liewor atomic weights found in otlier chajiters of this work wiU 



lie applied to the discussion of all these series further along. It may, 
however, be properly noted at this point that the probable errors assigned 
to the percentages of oxygen in three of Kesaler'a series are too low. 
These percentages are calculated from the quantities of KCIO, involved 
in the several reactioriB, and their probable errors should be increased 
with reference to the probable error of the molecular weight of that salt. 
The necessary calculations would be more laborious than the iuiportance 
of the figures would warrant, and accordingly, in computing the final 
general mean for antimony, Kessler'a figures will receive somewhat higher 
weight than they are legitimately entited to. 

Naturally, the concordant results of Dexter, Kessler, and Dumas led 
to the general acceptance of the value of 122 for antimony as against the 
lower figure, 120, of Schneider. Still, in 1871, linger* published the re- 
sults of a single analysis of Schlippe's salt, Na,SbP,.9H,0. This analysis 
gave Sh = 119.76. if S = 32and Na = 23, butno great weight could be 
attached to the determination. It served, nevertheless, to show that the 
controversy over the atomic weight of antimony was not finally settled. 

Wore than ten years after the ajjpoarance of Kessler's second paper the 
subject of the atomic weight of antimony was again taken up, this time 
by Professor Cooke. His results appeared in the autumn of 1877 f and 
were conclusive in favor of the lower value, approximately 120. For full 
details the original memoir must be consulted ; only a few of the leading 
points can be cited here. 

Schneider analyzed a sulphide of antimony which was already formed. 
Cooke, reversing the method, effected the synthesis of this compound. 
Known weights of pure antimony were dissolved in hydrochloric acid 
containing a little nitric acid. In this solution weighed balls of antimony 
were boiled until the liquid became colorless ; subsequently the weight 
of metal lost by the halls was ascertained. To the solution, which now 
contained only antimonious compounds, tartaric acid was added, and 
then, with a supersaturated aqueous sulphhydric acid, antimony trisul- 
phide was precipitated. The precipitate was collected by an ingenious 
process of reverse filtration, converted into the black modification by 
drying at 210°, and weighed. After weighing, the Sb,S, was dissolved 
in hydrochloric acid, leaving a carbonaceous residue unacted upon. 
This was carefully estimated and corrected for. About two grammes of 
antimony were taken in each experiment and thirteen syntheses were 
performed. In two of these, however, the antimony trisulphide waa 
weighed only in the red modification, and the results were uncorrected 
by conversion into the black variety and estimation of the carbonaceous 
residue. In fact, every such conversion and correction waa preceded by 
a weighing of the red modification of the Sb,S,. The mean result of these 
weighings, if S=^ 32, gave Sb =^ 119.994. The mean result of the c 
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1.8576 grm. SbCI 

1.9118 

4.1235 



t% 



t • 



izsr rieren experiinentd the 



The fourth set of •• 
niixod with tartiiri- 
in order to rcmov<? ' 
oo})per siilphiito, ;n. 
in the ordiiuirv m.; 
of SbCls given in 1 i 

2 74.-?: 

5-047 
3.8^73 



The volumotrif' .-■ 
from 121.16 to 121. 1. 

results from 8h = .' 
attributes to the p; 
correcting for this . 
.Sb = 122.37. 

The sevenil nioai^ 
and with the est i in ■ 
wonder that Kessl* v 
inaccuracy of thi? fi 
of data obtaineil hy 
tained no evident f 
we reduce all of K 
ratio between K.,( i 
will oxidize of thi? 1 



From this, if K.( 
The newer atonii. 









' -; ■: Schneider, were presented 
-:: !. t>efore publication, C\x»ke 

::::a.?. in order to <letect the caure 

-r ^ • = 120 and Sb = 12-J. .\c- 
r-. '.ioride were taken, an<l jmri- 

L. : riillate was further suhjectiii 
.^[ ?:ate; or, in one ca.-se, fmni ji 

^Aon. The j)ortions analvzo'l 
> :.irt;iric acid, an<l prccipilateil 
::.: .-■'served. Tlie silver chlori'Ie 

ir.n.1 at temperatures from 110** 
:.■ :.y was first removed by H,J^. 
• -z. itWfi = 10.S and ( '1 -^- :;.)A a 

rrioaconnnon stiindard. Cookr.s 
-:? .»i" AgCl, the <iuantities of Sl»( 1^ 



AgCI. 53.028 

52.97S 
53.»84 
53.148 
53.101 
53.0S8 

52.999 
53-025 

53.048 

530S1 

53. '75 
53.072 
53020 
53.030 
53.02S 
53.053 

Mean, 53 066, ± .0096 
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mean may be combined with that of Kessler's series, as follows : 

Kesslcr 53-^23, ±.01$ 

Cooke 53.066, lb .0096 

General mean 53.231 1, ± .ooS 

results thus obtained with SbCl, confirmed Dumas' determination 
atomic weight of antimony as remarkably as the syntheses of SbjS, 
stained the work of Schneider. Evidently, in. one or the other 
I constant error must l)e hidden, and much time was spent by 
in searching for it. It was eventually found that the chloride of 
>ny invariably contained traces of oxychloride, an impurity which 
to increase the apparent atomic weight of the metal under con- 
ion. It was also found, in the course of the investigation, that 
Jiloric acid solutions of antimonious compounds oxidize in the air 
; boiling as rapidly as ferrous compounds, a fact which explains 
ih values for antimony found by Kessler. 

3rder to render ** assurance doubly sure," Professor Cooke also 
:00k the analysis of the bromide and the iodide of antimony. The 
le, SbBrj,, was prepared by adding the finely powdered metal to a 
)n of bromine in carbon disulphide. It was purified by repeated 
ition over pulverized antimony, and by several recrystallizations 
)isulphide of carbon. Tlie bromine determinations resemble those 
orinc, and gave, if Ag = 108 and Br = 80, a mean value for anti- 
of 8b = 120. Reduced to a common standard, the fifteen analyses 
le subjoined quantities of SbBrs proportional to 100 parts of silver 
de: 

1. 862 1 grm. SbBrj gave 2.9216 grm. AgHr. 63.736 

63.909 



.9856 




1.5422 


1.8650 




2.9268 


1.5330 




2.4030 


1.3689 




2.1445 


1.2124 




I. 8991 


•9417 




1.4749 


2.5404 




3.9755 


1.5269 




2.3905 


1.8604 




2.9180 


1.7298 




2.7083 


3.2838 




5.1398 


2.3589 




3.6959 


1.3323 




2.0863 


2.6974 




4.2285 



<< 

<( 

(( 

(i 

(( 

(( 

1 1 

( I 

( t 

(( 

(t 

(( 

(( 

(( 



63.721 
63.795 

63.833 
63841 

63.848 

63.901 

63.874 
63.756 
63.870 
63.890 

63.825 
63.859 

63.791 



Mean, 63.830, zb .008 

5 iodide of antimony was prepared like the bromide, and analyzed 
> same way. At first, discordant results were obtained, due to the 
nee of oxy iodide in the iodide studied. The impurity, however, 
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was removed by subliming the iodide' in an atmosphere of dry carbon 
dioxide. With this purer material, seven estimations of iodine were 
made, giving, if Ag = 108 and I == 127, a value for antimony of Sb = 120. 
Il4;<luced to a uniform standard, Cooke's weighings give the following 
quantities of Sbis proportional to 100 parts of silver iodide : 

'•1877 grm. Sblj gave 1.6727 grm. Agl. 71.005 

.4610 " .6497 ** 70.956 

3.2527 " 4.5716 ** 7<.«50 

1.8068 •• 2.5389 ♦* 71.165 

1.5970 ** 2.2456 *• 71. 117 

2.3201 '• 3.2645 *• 71.071 

.3496 '♦ .4927 ** 70.956 

Mean, 711060, rb .023 

A Ithough Cooke's work was practically conclusive, as between the rival 
yii\iUiH for antimony, his results were severely criticised by Kessler,*who 
ijvid<jntly liad read Cooke's paper in a very careless way. On the other 
JifUid, Sclmeider published in PoggendorfF's Annalen a friendly review 
of l\ut nnw d(}terminations, which so well vindicated his own accuracy. 
Iti n!|)ly to Kessler, Cooke undertook still another series of experiments 
with antimony bromide,t and obtained absolute confirmation of IiIjj 
prif viouM roHults. To a solution of antimony bromide was added a solu- 
tion containing a known weight of silver not quite sufficient- to precipi- 
UiUi all the l)r()mine. The excess of the latter was estimated by titration 
with a nornnil silver solution. Five analyses gave values for antimony 
ninpring IVom I \\).\)H to 120.02, when Ag = 108 and Br = 80. Reduced 
to a cnmmon standard, the weights obtained gave the amounts of SbBr 
isUiU'ti in tho third column as proportional to 100 parts of silver: 

2.5032 j;rm. SbHr, — 2.2528 grm. Ag. 111.I15 

2.0507 '* ' 1.8509 *' II 1. 1 19 

2.()5I2 " 2.3860 ** III. 115 

3.3053 '♦ 2.9749 •• III. 106 

i.7495 " 2.4745 •' III. 113 

Mean, 111.114, =b .0014 

Hiliiinidn\|: also, in order to more fully answer Kessler's objections, 
rn|iim(iM| his work upon the Arnsbergstibnite. This he reduced in hydro- 
^itii uH brri>n\ i'onvcting scrupulously for impurities. The following 
purrniitugi^s of sulphur were found : 

28.546 

28.534 
28542 

Mean, 28 541, ±: .0024 



* llriiohtt* (1. Iieutitch. Chcm. Gesell., 12, 1044. 1879. 

t .\mrr. Journ. Sci. and Arts, May, 1880. Berichte, 13, 951. 

tJourn. far Trakt. Chcm. (2), 22, 131. 
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These figures confirm his old results, and may be fairly combined with 
ftiem and with the percentages found by Cooke, as follows : 

Schneider, early series 28.520, ifc .008 

Schneider, late series 28.541, ih .0024 

Gooke 28.5182, rb .0120 

General mean 28.5385, dr .0023 

In 1881 Pfeifer* determined electrolytically the direct ratios between 
silver and antimony, and copper and antimony. With copper the fol- 
lowing data were obtained : 

1.412 grm. Sb= 1.1008 Cu. 128.270 

1.902 ** 1.4832 ** 128.236 

3.367 " 2.6249 " 128.272 

Mean, 128.259, rb .0077 

If Cu - 63.6, Sb = 122.36. 
With silver he found — 

Ag^ : Sd : : lOO : X, 
5.925 grm. Sb = 15.774 Ag. 37S62 

6.429 ** 17.109 ** 37-577 

10. 1 16 '* 26.972 ** 37.506 

4865 " 13.014 " 37.383 

4.390 ** 11.697 '* 37.53' 

9.587 " 25.611 " 37.433 

4.525 ** 12.097 ** 37.406 

Mean, 37.485, zh .0198 

IfAg = 108, Sb = 121.45. 

The latter ratio was also determined by Popper,t several years after- 
wards. The two metals were precipitated simultaneously by the same 
current ; and in some experiments two portions of antimony were thrown 
down against one of silver. These are indicated in the subjoined table 
by suitable bracketing, and the ratio is given in the third column : 

Sb, Ag, Ratio. 

..48561 3.^655 37.463 

1.4788 J 37.292 

'•°''°l S.3649 ^7.503 

2.0074) 37.417 

3«^n 10.3740 37.480 

3.8903^ 37.500 

^'«93| ,1,8^7 37.455 

4.1885 i 37.447 



15 



• Ann. Chcm. Pharm., 209, 161. 
t Ann. Chem., 233, 153. 
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4.2710 1 

4.2752 ( 
5.6860) 
5,6901 / 
4.4117 

4.9999 
5.2409 



11.3868 




37.507 
37.545 


15.1786 




37.460 
37.487 


II. 8014 




37.383 


13.3965 




37.322 . 


14.0679 


Mean, 


37.250 




37.434, ± .0149 




Pfcifcr found, 


37.485, ± .o<98 



General mean, 37.452, db .0119 



If A\^ 108, Popper's figures give in mean Sb = 121.3. 

I MUX inclined to attach slight importance to these electrolytic daU, 
for tho roiwons that it would be very difficult to ensure the absolute 
purity and freedom from occlusions of the antimony as weighed, or to 
Kuurantoo that no secondary reactions had modified the ratios. 

Tin* work done by IU)ngartz* in 1883 was quite difierent from any of 
\\\v dotorniinations which had preceded it. Carefully purified'antiraony 
WUH woiglunl i\8 such, and then dissolved in a concentrated solution of 
pottVHMium sulphide. From this, after strong dilution, antimony trisal- 
phldo w»\i< thI^nvn down by means of dilute sulphuric acid. After 
thon>U){h washinjr, this sulphide was oxidized by hydrogen peroxide, by 
rias8onV mothod^and the sulphurin it was weighed as barium sulphate. 
*rho mt\o nu^isuriHl, thori>fon\ was 2Sb : SBaSO^, and the data were as 
IxUK^vs, Tho ll{\Si\ tH\uivalont to 100 i^arts of Sb is the ratio stated : 



.^ r^kt^. 


/?aS<\ FommJ, 


Raito. 


\.4^:t\ 


433^S 


29a 362 


.^^u 


1.7^7 


290-3W 


5>^ 


» 5<*$5 


^90^553 


UiU5^ 


.-5»5 


290.518 


>i5>^ 


fi.r^!*«> 


290.491 


vf^^ 


i.:^>> 

"* ^ 


290.549 


v*>5Jk^ 


i.llCO 


289.835 


>a^^< 


ir^55 


290.056 


^ >'C*N 


i,.>:^v» 


291x024 


^v\^\ 


i.^oSc* 


*90.599 


>V.*VN 




290.275 


N^>> 


« « « X 


a9M5S 



200.506. :^ .04j6 



W v' ^^xv ^^.^^ X\\v\" ,;s ;>.> \vVtJ , .':j: ?^.>s.j^xKl jnd louLfrom which 
tv^ xv4\ u\ v ;^v^ ^,.v- V 'fcvx^^: ,N^ v^rr.-^.^T.T, Tbe $ai«e)e remits obtained 
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(I.) Percentage of S in Sb,S„ 28.5385, zt .0023 

(2.) Percentage of Sb in Sb^O^, 79.283, ± .009 

(3.) O needed to oxidize 100 parts SbCl,, 7.0294, ± .0024 

(4.) O needed to oxidize 100 parts Sb,0„ 10.953, 4= .0075 

(5.) O needed to oxidize 100 parts Sb, 13.079, d= .0096 

(6.) K,Cr,0^ : tartar emetic : : 100 : 337.30, ± .29 

(7.) Ag, : SbCl, : : 100 : 70.512, zb .021 

(8.) 3AgCl : SbCl, : : 100 : 53.2311, db .008 

(9.) Ag, : SbBr, : : 100 : 1 1 1. 1 14, db .0014 

(10.) 3AgBr : SbBr, : : 100 : 63.830, db .008 

(11.) 3Agl : Sbl, : : 100 : 71.060, ± .023 

(12.) Cu, : Sb, : : 100 : 128.259, ± .0077 

(13.) Ag, : Sb : : 100 : 37452, ± .0119 

(14.) Sb, : 3BaS04 : : 100 : 290.306, 4= .0436 

In the reduction of these ratios a considerable number of antecedent 
atomic weights are required, thus : 

O = 15.879, db .0003 C = 11.920, d= .0004 

Ag= 107.108, ± .0031 Cu = 63.119, it .0015 

Cl = 35.179, ± .0048 Ba = 136.392, rb .0086 

Br = 79-344. ± .0062 Cr == 51-742, db .0034 

I = 125.888, rb .0069 AgCl = 142.287, zt .0037 

K = 38.817, ifc .0051 Ag Br = 186.452, db. 0054 

S = 31.828, ±.0015 Agl =232.996,^1.0062 

Three of the ratios give the molecular weight of antimony trichloride, 
and two give corresponding values for the bromide. These values may 
be combined, as follows: First, for the chlorid< 



From (3) SbCl, = 225.894, ± .0771 

From (7) *' = 226.572, zt .0678 

From (8) *' = 227.223, =b .0347 

General mean SbCl, = 226.924, ± .0286 

Hence Sb = 121.387, ifc .0321. 
For the bromide we have — 

From (9) SbBr,=r 357.036, ±.0113 

From (10) *' = 357.037, =b .0250 

General mean SbBr, = 357.036, ± .0103 

Hence Sb= 119.005, ± .0212. 

All the data yield eleven values for antimony, which are arranged 
below in the order of their magnitude : 
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chloride was prepared by the action of dry chlorine upon bismuth, and 
repeatedly rectified by diatillation over bismuth powder. The product 
was weighed in a closed tube, dissolved in water, and precipitateil with 
sodium carbonate. In the filtrate, after strongly acidulftting with nitric 
acid, the chlorine was precipitated by a known amount of silver. The 
figures in the third column show the quantitiea of BiCl, proportional » 
100 part'^ of silver: 



3.500 gnn. oi^.ij = 3 
1.149 ■■ < 


545 e"» 
16S 


ftg. 90.900 
98.373 


1.5965 ■■ I 


629 


98.005 


2.(767 ■■ a 


115 


97-8»9 


3.081 " 3 


144 


97.996 


2.4.58 •■ a 


470 


97-806 


1.7107 " I 


7Sa 


97.643 


3-5^3 " 3 


60SS 


97-712 


S.241 " S 


361 


97.761 



Menu, 98.003, i .090 

Hence, with Ag = 108 and CI = So.o, Bi = 211.03. 

The first three of the foregoing experiments were made with slightly 
discolored material. The remaining six percentages give a mean of 
97.791, whence, on the same basis as before, Bi = 110,79. Evidently 
these results are now of slight value, for it is probable that the chloride of 
bismuth, like the corresponding antimony compound, contained Iraca 
of ojcychloride. This assumption fully accounts for the discordance be- 
tween Dumas' determination and the determinations of Schneider and 
of still more recent investigators. 

In 1883 Marignac* took up the subject, attacking the problem by tiro 
methods. His point of departure was commercial subnitrate of bismuth, 
which was purified by re-solution and re precipitation, and from which 
he prepared the oxide. First, bismuth trioxide was reduced by beating 
in hydrogen, beginning with a moderate temperature and closing the 
operation at redness. The results were as follows, with the percenU)^ 
ofBiin BiA added: 



1.6460 erm. Bi 


n, 10:10.2730 yrni. O. 


89.683 [*r 


6.7057 


.6910 


89.696 ■■ 


3,6649 


.37S2 ■■ 


89.681 ■■ 


5,So2t 


.598. ■■ 


S9.692 ■' 


5.120s 


■ 5=95 ■■ 


89.658 ■• 


5.5640 


.5742 •• 


89.6S0 " 



1, 89. 682, d: ,0036 



Hence, if O = l(i, Bi = 



Marignac's second method of determination was by conversion of the 

I oxide into the sulphate. The oxide was diasolved in nitric acid, and 

I tlien sulphuric acid waa added in alight excess from a graduated tube. 

Tliema^s was evaporated to dryness with great care, and finally heated 

owr A direct Same until fumes of SO, no longer appeared. The third 

column gives the sulphate formed from 100 parts of oxide: 



6503 Bi,0, gave 4.0218 


Bi,(SO.),. 


R>lio, 


5 '-749 


8oJS •■ 4.2535 
710 4.112 






5I.77S 
S'.734 


S13 ■■ 4-267 






5J.68S 


8750 ■■ 4.3625 






51-739 


7941 ■■ 4.JJS3 






51.682 



1 



Hence, with 0-16 and S = 32.06, Bi = 208.16, 
Tliis result needs to be studied in the light of Bailey's observation,* 
'hat bismuth sulphate has a very narrow range of stability. It loses the 
last traces of free sulphuric acid at 405", and begins to decompose at 418", 
so that the foregoing ratio is eridently uncertain. The concordance of 
the data, however, is favorable to it. 

The next determination of this atomic weight was by liowe.t who 
oxidized the metal with nitric acid, and reduced the nitrate to oxide by 
ignition. Special care was taken to prepare bismuth free from arsenic, 
and the oxide was fused before weighing. In the paper juat quoted 
Bailey calls attention to the volatiHty of bismuth oxide, which doubt- 
lew accounts for the low results found in this investigation. The data 
>re u follows : 



1 



Bi^Oi Found. 



fcr cent. Bi. 



Mean, 89,648, ± .0040 



Hence! if = 16. Bi = 207 .84. 

In Classen's t work upon the atomic weight of bismuth, the metal 
itself was first carefully investigated. Commercial samples, even thase 
"hich purported to be pure, were found to be contaminated with lead 
snd other impurities, and thc^e were not entirely removable by many 
successive precipitations as subnitrate. Finally, pure bismuth waa ob- 
tained by an electrolytic process, and this waa converted into oxide by 
means of nitric acid and subsequent ignition to incipient fusion, 
as follows, with the percentage of Bi in Bi,0, added : 
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Bi Taken. 


Bi-,0, Found. 


fWeenl. B 


15.0667 


27.9442 


89.703 


21.069, 


23.487s 


89. 7035 


27.2596 


30.39** 


89.693 


365 '95 


40.713' 


89.700 


27.9214 


31.1295 


S9.6944 


32.tiSS 


35.8103 


89.69a 


30.1000 


335587 


89-694 


26.4825 


59-5257 


89-693 


19.8008 


22 0758 


89-695 



I 



Mean, 89.696, i.oow* 

Hence, if = 16, Bi = 208.92, or, reduced to vacuum standards, 208.M. 

Classen's paper was followed by a long controveray between Schnader 
and Classen* in which the former upheld the essential accuracy of the 
work done by Marignac and himself. Sclitieider had startetl outffilh 
commercial bismuth, and Classen found that the coininercial bismulli 
which he met with was impure. Schneider, by various analyses, showed 
that other samples of bismuth were so nearly pure titat the common 
modes of purification were adequate ; but Classen replied that the originw 
sample used by Schneider in his atomic weight investigation had not 
been reexamineil. Accordingly, Schneider published a new series 0' 
determinations t made by the old method, but with metal whicli had 
been scrujjuluusly purified. Results as follows: 



Bi. 


Bi,0,. 


Percent Bi 


5.0092 


5. 5868 


89.661 


3.6770 


4.1016 


89.648 


7.?493 


8,0854 


89,659 


9.2479 


10.3 [42 


S9.662 


6. 0945 


6.7979 


K9-653 



Men 



9.657, ± -oo 



Hence with =^ 16, Bi ^ 208.0.5, a confirmation of the earlier deter 
ruinations. 

Although the results so far are not final, a combination of the tUt* 
relative to bismuth oxide is not without interest. 



1. Laeerlijelra 89.865. ± 

2. Schneider, 1851 , 89.655, ± 

3. MttrignK 89.68*, zh 

4. LOWS 89.64S, ±, 

5. Classen 89.696, ±; 

6. Schneider, 1694 89.657, ± 



.0650 
-0034 

-0040 



General m 



. 89.681, : 
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tting the first and fifth means, the other data give a general mean 

tage of 89.659, it .0012. 

ratios now before us are as follows : 

(I.) Percentage of Bi in Bi^O,, 89.6S1, ± .0007 
(2.) Bi,0, : Bi,(S04), : : lOO : 151.728, d= .0099 
13.) 3Ag : BiCl, : : lOO : 98.003, ± .090 

computation we have — 

O = 15.879, d= .0003 Ag = 107. 108, db .0031 

S =31.828, ± .0015 Cl = 35.179, ± .0048 

ce, reducing the ratios — 

From (i) Bi = 207.003, ± .0150 

From (2) '* = 206.613, ± .0444 

From (3) ** = 209.370, dz .2847 

General mean Bi = 206.971, ±: .0142 

= 16, Bi = 208.548. 

sen's data alone give Bi = 207.389, or, with = 16, 208.969. 
ng this set of determinations and rejecting Dumas', the remaining 
ive — 

From BijOj Bi -=r 206.512, ± .0244 

From Bi,(S04)3 '« = 206.613, ± .0444 

General mean Bi = 206.536, db .0214 

= 16, this becomes Bi = 208.11. Between this figure and Classen's, 
investigation must decide. The confirmation afforded by the 
ite series is in favor of the lower value. 
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•COLUMBIUM* 

The atomic weight of this metal has been determined by Rose, Hff- 
mann, Blomstrand, and Marignac. Rosef analyzed a compound whid 
he supposed to be chloride, but which, according to Rammelsberg, J nwat 
have been nearly pure oxychloride. If it was chloride, then the widdy 
varying results give approximately Cb = 122; if it was oxychloride, the 
value becomes nearly 94. If it was chloride, it was doubtless contami- 
nated with tantalum compounds. 

Hermann's § results seem to have no present value, and Blomstrand'sl 
are far from concordant. The latter chemist studied columbium pentir 
chloride and sodium columbate. In the first case he weighed the colum- 
bium as columbium pentoxide, and the chlorine as silver chloride, tiie 
oxide being determined by several distinct processes. In some cases U 
was thrown down by water, in others by sulphuric acid, and in still 
others by sodium carbonate or ammonia jointly with sulphuric acid. The 
weights given are as follows : 

CbCly Cbfi^. AgCL 

•591 .294 

.8085 .401 2.085 

.633 .317 

.195 .0974 .500 

.507 .2505 1.302 

.94*5 .472 2.454 

.563 .2796 

.9385 .4675 2.465 

.4788 .2378 

.408 .204 1.067 

.9065 .45'5 



Hence the subjoined percentages, and the ratios 5AgCl : CbCl^ : : 100:«, 
andSAgCI : CbA ^ : 100 : a;. 



Percent. Cb^O^. 

49.788 

49.598 
50.079 

49.949 
49.408 

50.135 



AgCl : CbCl^. 
38.777 

• • • ■ . • 

39.000 
38.940 
38.366 



AgCl : Cb^O^. 
19.233 



19.435 
19.240 

19.234 



♦ This name has priority over the more generally accepted *' niobium," and therefore desef''* 
preference. 
tPoggend. Annal., 104, 439. 1858. 
JPoggend. Annal.. 136. 353. 1869. 
I Journ. fQr Prakt. Chem., 68, 73. 1856. 
I AcU Univ. l,und. 1864. 
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49-662 






49-813 


38.073 


18.966 


49.666 







5O.O0O 


38.238 


19.119 


49.807 
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Mean, 49.S06, ± .045 Mean, 38.566, ± .108 Mean, 19.205, rfc .043 

From these means the atomic weight of columbium may be computed, 
thus: 

From 2Cba5 : Chfi^ Cb = 95.397 

From CbClj : SAgCl ! ** = 98.477 

From sAgCl : Cb^Oj ** = 96.933. 

then = 15,879, Ag = 107.108, and CI = 35.179. 

The series upon sodium columbate, which salt was decomposed with 
sulphuric acid, both Cb^Oj and Na^SO^ being weighed, is too discordant 
for discussion. The exact nature of the salt studied is not clear, and the 
data given, when transformed into the ratio Na2S04 : CbjO^ : : 100 : x, give 
nines for x ranging from 151.65 to 161.20. Further consideration of this 
leries would therefore be useless. It seems highly probable that Blom- 
rtrand's materials were not entirely free from tantalum, however, since 
theatomic weight of columbium derived from his analyses of the chloride 
we evidently too high. 

Marignac* made about twenty analyses of the potassium fluoxycolum- 
bate, CbOF,.2KF.H,0. 100 parts of this salt give the following percent- 
ages: 

CbjOj Extremes 44.15 to 44.60 Mean, 44.36 

K,SO, •• 57.60 "58.05 

H,0 - 5.75 - 5.98 

F ** 30.62 •' 32.22 

From the mean percentage of Cb^O^, Cb = 92.852. If = 16, this 
becomes 93.56. 

From the mean, between the extremes given for K^SO^, Cb = 93.192. 
If « 16, this becomes 93.90. 

As Deville and Troost'sf results for the vapor density of the chloride 
and oxychloride agree fairly well with Cb = 94, we may adopt this value 
as approximately correct. The mean of the two values computed from 
Marignac's data is 93.022 when H = 1, and 93.73 when = 16. 



•Arch. Sci. Phys. Nat. (2), 23. 1865. 
fCorapt. Rend., 56, 891. 1863. 
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TANTALUM. 

The results obtained for the atomic weight of this metal by Berzelii 
Ro8e,t and Hermann J may be fairly left out of account as valueL 
These chemists could not have worked with pure preparations, and tli 
data are sufl&ciently summed up in Becker's " Digest." 

Blomstrand's determinations, § as in the case of columbium, w 
made upon the pentachloride. His weights are as follows : 

AgCL 



TaCk, 


Ta^O^, 


.9808 


.598 


1.4262 


.867 


2.5282 


1.5375 


1.0604 


.6455 


2.581 


1.577 


.8767 


•534 



2.906 

5.0105 

2.156 



Hence the subjoined percentages of Ta^Oj from TaCls, and the rat: 
5Aga : TaClj : : 100 : x, and 5AgCl : Ta^O^ : : 100 : x. 

AgCl : 7fl,(?5- 



Percent. Ta^Oy 


AgCl : TaC/y 


60.971 




60.791 


49.078 


60.814 


50.458 


60.873 


49.297 


60.960 




60.924 





29.835 
30685 

29.940 



Mean, 60.889, rb .0208 49-6ii, =b .289 30-l53i ± -'^ 

From these ratios we get for the atomic weight of tantalum: 

From per cent. Ta^Oj Ta = 172.342 

From 5AgCl : TslC)^ '* = I77.055 

From 5AgCl : Ta^Oj ** = 174.821 

These results are too low. Probably Blomstrand's material still' 
tained some columbium. 

In 1866 Marignac's determinations appeared.|| He made four anal 
of a pure potassium fluotantalate, and four more experiments upor 
ammonium salt. The potassium compound, K,TaF,, was treated 
sulphuric acid, and the mixture was then evaporated to dryness, 
potassium sulphate was next dissolved out by water, while the res 

• Poggend. Annalen, 4, 14. 1825. 
t Poggend. Annalen, 99, 80. 1856. 

X Journ. fur Prakt. Chcm., 70, 193. 1857. 

I Acta Univ. Lund, 1864. 

I Arch. Sci. Phys. Nat. (2), 26, 89. 1866. 
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as ignited and weighed as Tb^O^. 100 parts of the salt gave the foUow- 
ag quantities of Tafi^ and K^O^ : 



Ta,0,. 


AVS-O,. 


56.50 


44.37 


56.75 


44.35 


56.55 


44.22 


56.56 


44.24 


Mean, 56.59, ± .037 


Mean, 44.295t ± -026 


From these figures, 100 parts 


1 of KjSO^ correspond to the subjoined 


qTiantities of Ta^O^ : 


1 




127.338 




127.960 




128.178 




127.848 



Mean, 127.831, ±.120 

The ammonium salt, (NHJ,TaF^, ignited with sulphuric acid, gave 

these percentages of Ta^Oj. The figures are corrected for a trace of K^O^ 

vhich was always present : 

63.08 
63.24 

63.27 
63.42 

Mean, 63.25, zb .047 

Hence we have four values for Ta : 

From potassium salt, per cent. Ta^Oj Ta =^ 182.336 

From potassium salt, per cent. K^SO^ " = 180.496 

From potassium salt, K^SO^ : TojOj '* = 181.422 

From ammonium salt, per cent. Ta^Oj " = J 8 1.559 

Average Ta = 181.453 

Or, ifO = 16, Ta = 182.836. 

These values are computed with = 15.879, K = 38.817, S = 31.828, 
N« 13.935, and F = 18.912. 
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CHROxMIUM. 



Ooiicerning the atomic weight of chromium there has been niucb di»- 
euHsion, and many experimenters have sought to eatablieh the Wi 
value. The earliest work upon it having any importance was thstof 
lierzelius,* in 1818 and 1826, which led to reaulta much in excess of lla 
correct figure. His method consisted in precipitating a known n 
of lead nitrate with an alkaline chromate and weighing the lead cbfiK 
mate thus produced. The error in his determination arose from the &* 
that lead chromate, except when thrown down from very dilute snlu- 
tiuns, carries with it minute quantities of alkaline stilts, and so liu its 
apparent weight notably increased. When dilute solutions are used,! 
trace of the precipitate remains dissolved, and the weight obtained is WO 
low. In neither case is the method trustworthy. 

In 1844 Berzelius' results were first seriously called in question. Tlw 
fi^iure for chromium deduced from his experiments was somewhat ant 
56 ; but Peligot f now showed, by his analyses of chromous acetate «A 
of the chlorides of chromium, that the true number was near bii. 
Unfortunately, Peligot's work, although good, was published with in- 
sufficient details to be useful here. For chromous acetate he gives Ihi 
percentages of carbon and hydrogen, hut not the actual weights of salt. 
carbon dioxide, and water from which they were calculated. His figuw 
vary considerably, moreover — enough to show that their mean would 
carry hut little weight when combined with the more explicit data fo^ 
nished by other chemists. 

Jacquelain'a J work we may omit entirely. He gives an atomic weigbt 
for chromium which is notoriously too low (50.1), and prints none of lis 
numerical details upon which his result rests. The researches which 
particularly command our attention are those of Berlin, Moberg, Lefolt, 
Wildenstein, Keas^ler, Siewert, Bauhigny, Rawson, and Meineke. 

Among the papers upon the atomic weight under consideration thit 
by Berlin is one of the most important. § His starting point was uormu 
silver chromate; but in one experiment the dichromate AgjCr.OiW 
used. These salts, which are easily obtained in a perfectly pure contli- 
lion, were reduced in a large flask by means of hydrochloric acid and 
alcohol. The chloride of silver thus formed was washed by decantatio<i> 
dried, fused, and weighed without transfer. The unit^ washings wdt 
supersaturated with anmionia, evaporated to dryness, and the residm 
treated with hot water. The resulting chromic oxide was then collecM^ 
upon a filter, dried, igrited, and weighed. The results were as ioUown: 



•Schweigg. Joum.. u. jj. mad 
tCompl. RtmJ.. 19, 609. and 73^ 
[ Conpt. Kta±. n,. 679. 184;. 
tjtwrn. rAiPnkl ChciB,,t;,< 



hBodjS, 149, 1M6- 
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4.66S0 giro. AgjCrO^ gave 4.027 grm. AgCl and 1.0754 grm. Cr,0,. 
3.4568 ** 2.983 ** .7960 

2.5060 '* 2.1605 " .5770 

2.1530 ** 1.8555 ** .4945 

4.3335 ff^m. AgjCrjO^ gave 2.8692 " i.53«> 



It 
(I 

if 



m these weighings three values are calculable for the atomic weight 
•omium. The three ratios upon which these values depend we will 
ier separately, taking first that between the chromic oxide and the 
lal silver salt. In the four analyses of the nornlal chromate the 
ntages of Cr^O, deducible from Berlin's weighings are as follows : 

23037 
23.027 

23.025 

22.968 



Mean, 23.014, =h .01 1 

id from the single experiment with AgjCr^O^ the percentage of Cr,0, 

».306. 

r the ratio between AgjCrO^ and AgCl, putting the latter at 100, we 

for the former : 

"5.917 
115.883 

115.992 

116.033 



Mean, 115.956, ± .023 

the single experiment with dichromate 100 AgCl is formed from 

)35 Ag,Cr,0,. 

nally, for the ratio between AgCl and Cr^O,, the five experiments of 

n give, for 100 parts of the former, the following quantities of the 

r: 

26.705 
26.685 
26.707 
26.650 
26.662 



Mean, 26.682, d= .0076 

lese results will be discussed, in connection with the work of other 
stigators, at the end of this chapter. 

1848 the researches of Moberg* appeared. His method simply 
isted in the ignition of anhydrous chromic sulphate and of am- 
ium chrome alum, and the determination of the amount of chromic 



• Journ. fCir Prakt. Chem., 43, 114. 



240 



THE ATOMIC WEIGHTS. 



oxide thus left as reaidae. In the sulphate, Cr,(SO,)„ the aubjoinad {■ 
centageB of Cr,0, were found. The bracea indicate two different su 
pies of material, to which, however, we are jyatified in oacribing equi 
value: 

.543 gmi. sulphate gave .zij grm. Cr,Oj. 39.114 per cem, "1 

1.337 '■ -5^3 ■' 39."7 '■ [ 

.5287 ■■ .107 ■' 39.153 ■■ ) 

1.033 " -406 ■' J9.303 "■ I 

.S6S '■ .341 ■■ 39.286 '■ ] 

Mean, 39.1946, ± .0380 

From the alum, NH,.CrCS0,),.12H,0. we have these jiercenUgesi 
Cr,0,. The first aeries represents a salt long dried under a bell jar»t 
temperature of 18°, The crystals taken were clear and transparent. bi 
may possibly have lost traces of water,* wliich would tend to incw* 
the atomic weight found for chromium. In the second series the salt fi 
carefully dried between folds of filter paper, and results were obtoinc 



neither havii 




those of Berlin. 


Both of tl 


ese se 


riea are discussed Uigetlw 


ving remarkable 


value: 




^ 


r.3i8s grm. alum ga 


c .2r3 grm. Cr,0,. 


16.155 percent. ^H 


.79S7 


.139 




" H 


.0185 


.1645 " 




" ^M 


.0306 


.1650 •■ 




" ^M 


.8765 . " 


.i4"o 




^^M 


.76S0 


.1242 




" ^M 


.67M 


.J707 




i6.:90 ^^H 


.S4IO 


.0875 ■■ 




^M 


.2010 


.1940 




^B 


.0010 " 


.1620 " 




>6.,s, " ^m 


.77'S 


.1235 




^H 



The determinations made by Lefort f are even less valuable than tbo8 
by Moberg. This chemist started out from pure barium chromate, whid 
to thoroughly free it from moisture, had been dried for aeveral hoursi 
250°. The chromate was dissolved in pure nitric acid, the barium thro* 
down by sulphuric acid, and the precipitate collected upon a filter, dn« 
ignited, and weighed in the usual manner. The natural objection t«li 
process is that traces of chromium may be carried down with the M 
phate, thus increasing its weight. In fact, I.,efort'a results are someirti 
too high. Calculated from his weighings, 100 parts of BaSO, correspoi 
to the amounts of BaCrO, given in the third column : 

1 noteupon l-eforl'H jiaptr. Journ. (Hi 









CHROMIUM 


• 




'•26i5 grm. 


BaCK\ 


gave 1. 1555 grm 


. BaSO^. 


109.174 


'.5895 




1.4580 




109.019 


2.3255 




2.1340 




108.974 


3.0390 




2.7855 




109. lOI 


2.3480 




2.1590 




108.754 


1.4230 




1.3060 




108.708 


1. 1975 




1. 1005 




108.814 


3.4580 




3.1690 




109. 1 19 


2.0130 




1.8430 




109.224 


3.5570 




3.2710 




108.744 


1.6470 




1.5060 




109.363 


1.8240 




1.6725 




109.058 


1.6950 




1.5560 




108.933 


2.5960 




2.3870 




108.756 
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Mean, 108.9815, zt. .0369 

Idenstein,* in 1853, also made barium chromate the basis of his 
•ches. A known weight of pure barium chloride was precipitated 
neutral alkaline chromate, and the precipitate allowed to settle until 
ipernatant liquid was perfectly clear. The barium chromate was 
collected on a filter, washed with hot water, dried, gently ignited, 
ireighed. Here again arises the objection that the precipitate may 
retiiined traces of alkaline salts, and again we find deduced an 
ic weight which is too high. One hundred parts BaCrO^ correspond 



81.57 

81.75 
81.66 

81.83 

81.66 

81.80 

81.66 

81.85 

81.57 
81.83 

81.71 
81.63 
81.56 
81.58 
81.67 
Si 84 



n 

Lij 


as follow 


s: 








8r 


.87 






81 


.80 






81 


.61 






81 


.78 






81 


.52 






8f 


.84 






8f 


.85 






81 


•70 






81 


.68 






81 


.54 






81 


.66 






81 


.55 






81 


.81 






81 


.86 






81 


• 54 






8f 


.68 



Mean, 81.702, rb .014 

•ct in order we have to consider two papers by Kessler, who em- 
d a peculiar volumetric method entirely his own. In brief, he com- 
the oxidizing power of potassium dichromate with that of the 
ite, and from his observations deduced the ratio between the mo- 
ir weights of the two Halts. 
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t Journ. fur Prakt. Chem., 59, 27. 
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In his earlier paper* the mode of procedure was about as follows: 
The two salts, weighed out in quantities having approximate chemicil 
equivalency, were placed in two small flasks, and to each was added 
100 cc. of a ferrous chloride solution and 30 cc. hydrochloric acid. The 
ferrous chloride was added in trifling excess, and, when action ceased, 
the amount unoxidized was determined by titration with a standard solu- 
tion of dichromate. As in each case the quantity of ferrous chloride wm 
the same, it became easy to deduce from the data thus obtained the ratio 
in question. I have reduced all of his somewhat complicated figures to 
a simple common standard, and give below the amount of chromate 

equivalent to 100 of chlorate : 

120.118 
120.371 
120.138 
120.096 
120.241 
120. 181 



Mean, 120.191, db .028 

In his later paper t Kessler substituted arsenic trioxide for the iron 
solution. In one series of experiments the quantity of dichromate needed 
to oxidize 100 parts of the arsenic trioxide was determined, and in an- 
other the latter substance was similarly compared with the chlorate. 
The subjoined columns give the quantity of each salt proportional to 100 
of ASjOj : 

K^Cr^O^. KCIO^. 

98.95 4M56 

9^*94 41. 1 16 

99.17 41.200 

98.98 41.255 

99.08 41.201 

99.15 41.086 



41.199 

Mean, 99.045, ±, .028 41.224 

41. 161 

41.193 

41.149 
41.126 



Mean, 4". '72, it .009 

Reducin<]j the later series to the standard of the earlier, the two com- 
bine as follows : 

(1) 2KCIO3 : K,/TjO^ : ; lOO : 120.I91, ± .028 

(2) 2KCIO3 : K.,Cr./), ; : 100 : 120.282, dz .043 

General mean 120.216, zb .0235 



• Popr^end. Annalen. 95. 20S 1855. 
tPoRgeml. Annalen, 113. 137. 1861. 
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-Siewert'9 drterminationB, which do not seem to have attracted general 

lUention, were published in 18G1.* He, reviewing Beriin's work, found 

lliat upon reducing silver chroniate with liyilroohloric acid and alcoliol, 

■hromic chloride solution always retained traces of silver chloride 

■I'lve-d in it. These could be precipitated by dilution with water; 

■ ill Berlin's process, they naturally came down with the chTomium 

n; 'lr.>xide, making the weij,dit of the latter too high ; hence too large a 

n:iUh! for the atomic weight of chromium. In order to find a. more cor- 

rwt value Siewert resorted to the analysis of sublimed, violet, chromic 

L chloride. This salt he fused with sodium carbonate and a little nitre, 

treated the fused mass with water, and precipitated from the resulting 

silution the chlorine by silver nitrate in presence of nitric acid. The 

weight of the silver chloride thus obtained, estimated after the usual 

maimer, gave means for calculating the atomic weight of chromium. 

His figures, reduced to a common standard, give, as proportional to 100 

psria of chloride of silver, the quantities of chromic chloride stated in 

tlie third of the subjoined columns: 

,3367 gim. CrCI, gave .6396 gtm. AgCI. 37.007 

.1946 ■' .7994 '■ 36-^S3 

.»5W " '7039 '■ 36-838 

■4935 " 1.3395 '■ 36-841 

.5850 " 1.58M4 •■ 36.830 

.6511 ■' 1,76681 " 36:851 

.5503 •' '-4939' " 36.836 

Mean, 36.865, zt .0158 

Tlie first of these figures varies so widely from the others that we are 
justified in rejecting it, in which case the mean becomes 36.84^, ± .0031. 

Sie»ertalso made two analyses of silver dichromate by the following 
Jintcwtt. The salt, dried at 120°, was dissolved in nitric acid. The silver 
WMthen thrown down by hydrochloric acid, and, in the filtriite, chro- 
niiam hydroxide was precipitated by ammonia. Keduced to a uniform 
<lanilard. we find from his results, corresponding to 100 parts of AgCl, 
Ag,Cr,0, as in the last column ; 



.7866 Eitn. AB,Cr,0, g»ve 


52201 AgCI 


and .2764 Cr,0.,. 


150.684 


.089 


72349 '■ 


.3S40 ■■ 


'50.7^9 



Berlin's single determination of this ratio gave lfil.035. Taking all 
three values together as one series, they give a mean of 150.816, ± .074. 

Siewert'fl percentages of Cr,0, obtained from AgjCfjO, are as follows, 
calculated from the above weighings: 

35-139 
3S.a6i 

Mean, SS-^wS, ^ -0415 
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Combining, as before, with Berlin's single result, giving the latter 
weight with one of these, we have a general mean of 3'».236, ± .03 

For the ratio between silver chloride and chromic oxide, Siewetl'i lio 
analyses of the dichromivte come out aa follows. For KIO parts uf AgU 
we have of Cr,Oj : 

52.948 
53 'SO 



This figure, reduced to the standard of Berlin's work on the mono- 
chroinate, becomes 26.525, ± .034. Berlin's mean was 26.6S2, ± .0076, 
The two means, combined, give a general mean of 26.676, ±: 

By Bftubigny * we have only three experiments npon the calcination 
of anhydrous chromic sulphate, as follows: 



. 7715 era'- Cr,o, 




I 



1.989 grm. Cr,(SQ.l,E<'ve 
■3-95S 



Moberg found for the same ratio the percentage 39.19.5, 
general mean of both series, Moberg's and Baubigny' 

In Rawson's work f ammonium dichromate was the substance studied, 
Weighed quantities of this salt were dissolved in water, and then rednctd 
by hydrochloric acid and alcohol. Aflerevaporation todryness themns* 
was treated with water and ammonia, rei^vaporated, dried five hours it 
140°, and finally ignited in a muffle. The residual chromic oxide wia 
bright green, and was testetl to verify its purity. The corrected weight 
are aa follows ; 

a-,o,. 



^w,Cr,0,. 


Cr,0,. 


/v. c^ni. C 


I.OI37S 


.61134 


60.365 


1.0S181 


.6S266 


60.3JO 


".39430 


■78090 


60.3.14 


1.13966 


.68799 


60,368 


.98778 


.S9S9S 


^■SSi 


1. 14319 


.68987 


6o.3<6 

Me.in, 60,346 



I^atest in time and most elaborate of all, we come to the determinations 
of the atomic weight of chromium made by Meineke,! who studied tie 
chromate and ammonio-chromate of silver, and also the dichromatesof 
potassium and ammonium. For the latter salt he measured the eame 
ratio that Rawson determined, but by a different method. He precip- 
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its solution with mercurous nitrate, and ignited the precipitate, 
he subjoined results. Vacuum weights are given : 

Am^Cr^O^. Cr^O^. Percent. Cr^O^. 

2.0416 I. 2316 60.325 

2. 1618 1.3040 60.320 

2.0823 1.2562 60.328 

2.1913 1. 3221* 60.335 

2.0970 1.2656 60.353 

Mean, 60.332, d= .0037 
Rawson found, 60.346, ifc .0046 

General mean, 60.337, db .0029 

3 chroniate of silver, Ag^CrO^, and the ammonio-chromate, 
'O4.4NH3, both prepared with all necessary precautions to insure 
r, were first treated essentially as in Berlin's experiments, except 
he traces of silver chloride held in solution by the chromic chloride 
thrown out by sulphuretted hydrogen, estimated, and their amount 
I to the main portion. Thus the chief error in Berlin's work was 
ed. I subjoin the data obtained, w^ith vacuum standards, as usual. 
r Meineke's results are so corrected : 



gtCrO^. 


AgCL 


Cr,0^ 


2.7826 


2.4047 


.6384 


3.2627 


2.8199 


.7480 


3.6362 


3.1416 


.8338 


4.6781 


4.0414 


1 .0726 


32325 


2.7930 


.7411 


3.9137 


3.3«o5 


.8976 



nee we have the following ratios, as in the case of Berlin's data: 

Per cent, Cr^O^. looAgCl : Ag^CrO^. looAgCl : Cr^O^ 

22.943 II5-7I5 26.548 

22.926 115.703 26.526 

22.931 115.744 26.602 

22.928 115.754 26.601 

22.924 115.736 26.531 

22.935 > 15.773 26.552 

Mean, 22.931, rh .0019 Mean, 115.737, dt .0072 Mean, 26.560, ifc .0093 

Berlin, 23.014, dr .0110 Berlin, 115.956, rb .0230 

1 mean, 22.934, i .0018 General mean, 115.760, ± .0069 

th the ammonio-chromate Meineke found as follows: 

Ag^CrO^.fNH^, AgCl. Cr^O^. 

4.1518 2.9724 .7904 

4.2601 3.0592 .8125 

5.9348 4.2654 1.1317 



tilated back from Meineke*s value for Cr, to replace an evident misprint in the original. 



^ 
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le ratios henome— 










Percent. Cr,0, 




loo.-igCl : Sail. 




/ooAsCl : Cr^i 


19.037 




139.679 






26.S91 


19.071 




139. J5 5 






a6.S59 


19.059 




139. '38 






26.J3' 


lein, i9.o;g. ± 


0074 M 


"".'39.357, ±. 


109 


Mean 


16.561, ± 



The firat of these three analyses is rejected by Meineke as suspicioi 
but for the present I shall allow it to remain. The data in the thi 
column may now be combined with the corresponding figures froitit 
normal chromale, an found by Meineke and his predecessors. 



Berlin 26.682, ± 

Siewert, from Ag,Cr,0, 26.525, J; 

Meineke, from AgjCrO, 26.560, ± 

Meineke, frum Ag,CrO(,4NH, 16.561, ± 



,0076 



4A8a : Cr,0, : 



o: a6.6io, ± .0053 



f 



Obviously, this mean is vitiated by the known error in Berlin's 
the ultimate effect of which is yet to be considered. 

In all four of the salts studied by Meineke he determined volume 
ally the oxygen in excess of the normal oxides by measuring the ami 
of iodine liberated in acid solutions. With the silver salts the pro 
was essentially as follows : A weighed quantity of the chromate was 
solved in weak ammonia, and the solution was precipiUited with p* 
siuni iodide. After the silver iodide had been filtered off. five 01 
grammef of potassium iodide were added to the filtrate, which was I 
acidulatiid with phosphoric acid and a little sulphuric The liber 
iodine wa.^ tiien titrated with sodium thioeulphate solution, which 
been standardized by means of pure iodine, prepared by Stas' met 
From the iodine thus measured the excessive oxygen was computed, 
from that datum the atomic weight of chromium was found. For \ 
ent purposes, however, the data may lie used more directly, aa girinf 
ratios I, : Ag,CrO. and I. : Ag,CrO,.4NH,. Thus treated, the weighte 
as follows, reduced to a vacuum. Reckor>ing the salt as 100, thet 
column gives the percentage of iodine liberated : 



Ag^CrO,. 


/Set Free. 


Pereeiilagr. 


.43838 


■50351 


.14.628 


.90158 


1.0343J 


■■4.595 


.89858 


1,07980 


114 603 


.89868 


I.OJ072 


r '4.693 
Me»". r.4,f.30. dr 
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3 next 8eri^, obviously, gives the ratio I, : AgjCrO^.iNH,. 



.54356 
.54856 
.54926 

.54906 
.54466 

.54536 



/ Set Free, 

.51784 
.52046 

.52322 
.52376 
.51910 
.51891 



Percentage,* 

95.267 

94.877 
95.258 

95.392 

95.307 

95.150 



Mean, 95.208, dz .0497 



dealing with the two dichromates Meineke used the acid potassium 
3 in place of potassium iodide, the chromate and the iodate reacting 
5 molecular ratio of 2 : 1. The thiosulphate was standardized by 
s of the acid iodate, so that we have direct ratios between the latter 
he two chromates.. The data are as follows, with the amount of 
3 proportional to one hundred parts of the dichromate in the third 
in: 



K^Cr^O^. 



KHI^O^, 



Percentage. 



.25090 


.16609 


66.198 


.25095 


.16613 


66.200 


.25078 


.16601 


66.197 


.24979 


.16541 


66.220 


.24987 


.16540 


66.192 


.24966 


.16543 


66.262 


.25015 


.16559 


66.196 


.25012 


.16559 


66.204 


.24977 


.16546 


66.245 


.25034 


.16572 


66.198 


.25025 


.16567 


66.202 


.25015 


.16568 


66.234 




Mean, 66.212, ±. .0044 


Afn^Cr^O-t. 


KHI^O^. 


Percentage. 


.21457 


.16584 


77.290 


.21465 


.16588 


77.279 


.21464 


.16584 


77.264 


.21416 


.'6543 


77.246 


.21447 


.16564 


77.232 


.21427 


.'6559 


77.281 


.22196 


.17152 


77.272 


.22194 


.17151 


77.278 


.22180 


.>7«39 


77.272 




Mean, 77.268, db .0041 



te figures are not wholly in accord with the p>ercentagesof oxyj^en computed by Meineke. 
rt that there is a misprint among his data as published, probably in the second experi- 
•nt I cannot trace it with certainty. 
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Tlie following ratios are now available for computing the atomic wei^ 
of chromium : 

(i.) Percentage CfjO, from AgjCrO^, 22.934, db .0018 
(2.) Percentage Cr,Oj from Ag,Cr,0„ 35.2^6, dr .0335 
(3«) 2AgCl : AgjCrO^ : : 100 : 115.760, d= .0069 
(4.) 2AgCl : Ag,Cr,0; : : 100 : 1 50.8 1 6, it .074 
(5.) 4AgCl : Cr,Oj : : lOO : 26.620, dt .0052 
(6.) Percentage CrjO, in Crj(SOJj, 38.838, =b .0087 
(7.) Percentage Cr20j in AmCr(S04),.l2H,0, 16. 143, db .012$ 
(8.) BaSO^ : BaCrO^ : : 100 : 108.9815, db .0369 
(9.) BaCrO^ : BaCl^ : : 100 : 81.702, ± .014 
(10.) 3AgCl : CrCl, : : 100 : 36.842, db .0031 
(II.) 2KCIO3 : KjCr^O^ : : 100 ; 1 20. 2 16, ± .0235 
(12.) Percentage Cr^O, in Ag^Cr04.4NH3, 19.059, db .0074 
{13 ) 2AgCl : Ag,Cr0^.4NH3 : : 100 : 139357, ± ."09 
(14.) Percentage Cr^O, in AmjCrjO^, 60.337, dz .0029 
(15.) AgjCrO^ : 3I : ; 100 : 114.630, db .015 
(16.) AgjCr0^.4Nn8 : 3I : : 100 : 95.208, dz .0497 
(17.) 2K,Cr,0, : KHr,Og : : 100 : 66.212, zb .0044 
(18.) 2AmjCr,Oj : Klil^Og : : lOO : 77.268, =fc .0041 

The antecedent values to use in the reduction are — 

O = 15 879, ± .0003 s — 31.828, ±: .0015 

Ag =: 107.108, rh .0031 N = 13.935, db .0021 

CI = 35.179, =b .0048 Ha z= 136.392, dz .0086 

I =125.888,^.0069 AgC I = 142.287, db .0037 
K = 38.817, db.0051 

For the molecular weight of Cr^Oa, seven values are now calculable, 
follows : 

From(i) Cr203 = 151.120, rb .0130 

From (2) *• =151.105,42.1636 

From (5) . " = 151.507, =b .0299 

From (6) '* = 151-384, rb .0341 

From (7) '* =153.756, db. 1 205 

From (12) " = 151.478, lb .0606 

From (14) •• = 151.190, dr .0110 

General mean ^h^h = '5 1.229, dr .0039 

For silver cliromate there are two values — 

From (3) Ag^CrO^ = 329.423, db .0195 

From (15) " =329.464,^.0467 

General mean Ag^^rO^ =: 329.430, d= .0180 

And for tlie animonio-chromate we have — 

From (13) Ag2Cr0^.4NIl5 = 396.574, db .3158 

From (16) " = 396.673, db .2082 

General mean AgjCr0^.4NH3 = 396.647, dr .1738 
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From (4) AgjCfjO, = 429. 177, dz .2109 

From (10) CrCl, = 157.266, db .01 13 

From (18) Ani,Cr,OY =^ 250.341, db .0164 

r the molecular weights of KjCr^O^ and BaCrO^ there are two esti- 
s each, as given below : 

From (11) Kj^'FjO^ = 292.433, db .0189 

From (17) ** =292.143, zb .0224 

General mean KjCr^O^ = 292.311, dt .0144 

From (8) UaCrO^ = 252.549, rb .0966 

From (9) ..^.., *' =253.054,^.0377 

General mean HaCrO^ = 252.985, =b .035 1 

lally, from these molecular weights, eight independent values are 
ned for the atomic weight of chromium : 

From CrjO, Cr = 5 1.796, db .0039 

From AgjCrO^ •* = 51.698, ± .0191 

From AgjCrO^, 4NH8 " = 5>.i75, ± '741 

From AgjCrjO^ '* — 51.904, ± .1055 

From Am,Cr,Oy •* = 5 1659, ± .0085 

From KjCfjO^ "= 51.762, d= .0102 

From CrClj *' = 51.729, d= .0183 

From BaCrO^ ** = 53.077, zb .0362 

General mean Cr = 51.778, dz .0032 

3 = 16, Cr = 52.172. 

ecting the last of the eight values, that from barium chromate, the 

becomes — 

Cr = 51.767, ±: .0032. 

3n this result is probably too high, for it includes ratios which are 

nly erroneous, and which yet exert appreciable weight. From the 

which are reasonably concordant a better mean is derivable, as 

From(l) Cr = 51.741, dr .0065 

From (2) " = Si-734, ± .0818 

From (14) " =51.776, ±.0055 

From (3) and (15) "= 51.698, db .0191 

From (4) ** =51.904, =b .1055 

From (10)'. " =51.729, d=.oi83 

From (18) ** =51.659, db .0085 

From (l l) and (17) " = 51.762, db .0102 

General mean Cr = 51.742, db .0034 

= 16, this becomes 52.1.*>(), a value which is ])robably not very 
)m the truth. 
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MOLYBDENUM. 

If we leave out of* account the inaccurate determination made by 
Berzelius * we shall find that the data for the atomic weight of molyb- 
deiunn lead to two independent estimates of its value — one near 92, the 
other near 96. The earlier results found by Berlin and by Svanberg and 
Struve lead to tlie lower number ; the more recent investigations, to- 
gether with considerations based upon the periodic law, point concla- 
sively to the higher. 

The earliest investigation which we need especially to consider is that 
of Svanberg and Struve.f These chemists tried a variety of different 
methods, but finally based their conclusions upon the two following: 
Firnt, molybdenum trioxide was fused with potassium carbonate, and 
the carbon dioxide which was expelled was estimated ; secondly, molyb- 
denum disulphide was converted into the trioxide by roasting, and the 
mtio between the weights of the two substances was determined. 

By tlie first method it was found that 100 part8 of MoO, will expel the 

following quantities of CO, : 

31.4954 
3I.3749 
31.4705 

Mean, 31.4469, ±: .0248 

The carbon dioxide was determineil simply from the loss of weight 
when the weigheil quantities of trioxide and carbonate were fused to- 
gether. It is plain tliat if, under these circumstances, a little of the 
trioxido should be volatilizeil, the total los?s of weight would be slightly 
inorviistnl. A const;\nt error of this kind would tend to bring out the 
atomic weight of molybdenum t^H> low. 

By the sei^ond methixl, the conversion by roasting of MoS, into MoO„ 
Svanbenr and Struve obtaineil these results. Two samples of artificial 
disulphide were taken, A and B,and yielded for each hundred parts the 

followins: of trioxide : 

S9.79>9> A 
80.7291 » 

So. 6430 ": 

S9,7oM I 
Sq. 76CO « B. 
So. 7640 ' 
So. So;; 



Mean, So. 7523. r 0176 



Thiw vuhor exjHTiMioPts in jk^rit^ B srave vlivergent results and, al- 
thou^li iHiMish<\l, ar\* r^Mocttsl bv tlie author? themselve:?. Hence it is 
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not necessary to cite them in this discussion. We again encounter in 
the»e Bgures the same Hource of constant error which apparently vitiates 
the preceding series, namely, the possible volatilization of the irioxide. 
Here, also, such an error would tend to reduce the atomic w<'ight of 
molybdenum. 

From ihe CO, series ... Me = gr.is 

From ihe MoS, series Mo = 92.49 

Berlin,* a little later than Svaiiberg and Struve, determined the atomic 
weight of molybdenum by igniting a molyhdate of ammonium and 
weighing the residual MoO,. Here, again, a loss of the latter hy vola- 
tilization may (and probably does) lead to too low a result. The salt 
use<l was (NH,),MobO„.3H,0, and in it these percentages of MoO, were 
found : 



Mean, 81.581, ±: .0095 

Hence Mo = 91.559. 

Until 1859 the value 92 was generally accepted on the basis of the fore- 
going researches, but in this year Dumas f published some figures tend- 
ing to BU-sUiin a. higher number. He prepared molybdenum trioxide 
by roasting the disulphide, and then reduced it to metal hy ignition in 
hydrogen. At the beginning the hydrogen was allowed to act at a com- 
paratively low temperature, in order to avoid volatilization of triosidej 
but at the end of the operation the heat was raised auiliciently to insure 
a complete reduction. From the weighings I calculate the percentages 
of metal in MoOj: 



.448 grm. MoOj gave .199 gtrr 
.484 ■■ ,3J3 



66.74T pe 

66.736 

66.5J9 

f.4g8 " .332 " 66.667 

■559 '■ .J73 •■ 66.7*6 

-388 ■' .258 " 66.493 

Mean, 66.649, i 

In 1868 the same method was employed by Debray.t Hin trioxide 
was purified by sublimation in a platinum tube. His percentages are 
as follows : 

5,514 grm. MoOj gave 3.667 
^1 7.9'o 5.'65 

^M 9.0J1 6o'S 




^ 
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Forthesameratio welmvealsoasingle experiment by RammelsberB,* 
who, closely following Dumas' methoii. fniiiid iu molybdeiiuiii trioxidl 
6C.708 per eent. of metal. As this figure falls within the limits of DuiW 
Beriea, we may assign it equal weight with one exueriment in the ItiUcr. 

Debray also made two exiieriments upon the precipitation of raolyli- 
denum trioxide in ainmoniacal solution by nitrate of silver. In hisK- 
Bulta, as published, there is furious discrepancy, which, [ have nodoubtt 
ia due to a typographical error. These results I am therefore com])ell(d 
to leave out of consideration. They could not, however, exert a 
])rofound influence upon the Unal discussion. 

In 1873, I>othar Meyert discussed the analyses made by Liechli &ni 
Kemp X of four chlorides of molybdenum, and in tlie former edition of 
this work the same data were considered in detail. The analyses, how- 
ever, were not intended as determinations of atomic weight, and since 
good determinations have been more recently published, the work 
the chlorides will he omitted from further consideration. It ia enough 
to state here that they gave values for Mo ranging near 96, both above 
and below that number, with an extreme range of over eight-tenths of a 
unit. 

In 1893 the determinations by Smith and ^laos appeared, § represent- 
ing an entirely new method. Sodium niolybdate, purified by many re- 
cry stjillizati ons and afterwards dehydrated, was heated in acnr^entof 
pure, dry, gaseous hydrochloric acid. The compound MoOj.2HCl WM 
thus distilled off, and the sodium molybdnte was quantitatively trans- 
formed into sodium chloride. The latter salt was afterwards carefully 
examined, and proved to be free from molybdennm. The data, with all 
weights reduced to a vacuum standard, are subjoined : 



JVa,AfoO,. NaCt. 




Percent. NaCl. 


1.14726 .65087 




56.733 


.89910 .51023 




56.743 


.70S34 -40010 




56.739 


.70793 .40182 




56760 


1.26347 -T'figs 




56.745 


i.isai? 65367 




56.734 


.90t99 -SnSS 




56750 


.81692 .46358 




56.747 


.65098 .369*1 




56.748 


.80563 .45717 




56-747 
Mod. 56.745, ± .<»'7 


In 1895, Senbevt and Pollar<i |j determined the atomic weight of mo- 


■ Berlin MDOalcbericht. i9j7. P 


S7*- 




1 Ann. Chcm. Phami., 169. jSs. 


■873- 
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enum by two methods. First, the carefully purified trioxide, in 
hed amounts, was dissolved in an excess of a standard solution of 
tic soda. This solution was standardized by means of hydrochloric 
, which in turn had been standardized gravimetrically as silver 
ride. Hence, indirectly, the ratio 2 AgCl : MoOj was measured. Sul- 
ric acid and lime water were also used in the titrations, so that the 
re process was rather complicated. Ignoring the intermediate data, 
end results, in weights of MoO, and AgCl, were as follows. The third 
imu gives the MoO, proportional to 100 parts of AgCl : 



MoOi. 


^^a. 


Ratio. 


3.6002 


7.1709 


50.206 


3.5925 


7.1569 


50.196 


3.73" 


7.4304 


50.214 


3.8668 


7.701 1 


50.211 


3.9361 


7.8407 


50.201 


3.8986 


7.7649 


50.208 


39630 


7.8941 


50.202 


3.9554 


7.8806 


V 50.192 


3.9«47 


7.7999 


50. 189 


3.8543 


7.6767 


50.208 


3.9367 


7.8437 


50.190 



Mean, 50.202, d= .0018 

I 

The second method adopted by Seubert and Pollard was the old one 
reducing the trioxide to metal by heating in a current of hydrogen, 
le weights and percentages of metal are subjoined : 



MoO^, 


Mo. 


Per cent. 


1.8033 


1.202 1 


66.661 


1.9345 


1. 1564 


66.670 


3.9413 


2.6275 


66.666 


1. 5241 


1. 0160 


66.662 


4.0533 


2.7027 


66.679 



Mean, 66.668, dr .0022 

This mean mjiy be combined with the results of previous investigators, 
us: 

Dumas 66.649, ±i .0300 

Debray 66.556, i .0200 

Rammelsberg 66.708, rb .0680 

Seubert and Pollard 66 668, rb .0022 

General mean 66.665, db 0022 

^cre the data of Seubert and Pollard alone exert any appreciable 

fluence. 

^^lecting all determinations made previous to 1859, there are now 
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three ratios from which to compute the atomic weight of molybdenui 
viz: 

(I.) Percentage Mo in MoO,, 66.665, =fc .0022. 
(2.) lAgCl : MoOg : : 100 : 50.202, d= .0018 
(3.) aNaCl : Ma^MoO^ : 56.745, zt. .0017 : 100. 

These involve the followinjf values : 

O = 15.879, ± .0003 AgCI = 14^.287, rb .0037 

Na =-- 22.881, zb .0046 NaCl = 58.060, db .0017 

Hence for the atomic weight in (juestion — 

From (i) . . : Mo = 95.267, d= .0072 

From (2) ^ . . " = 95225, zt .0064 

From (3) •« = 95.357, dt .0126 

General mean Mo = 95.259, ± .0345 

With O = 16, Mo = 95.985. 

This value is essentially that derived from Seubert and PoHard's da 
alone. Reducing the latter to a vacuum would affect the result ve 
nlightly — ^so slightly that the correction may be ignored. 
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The atomic weight of tungsten has been determined from analyses of 
the trioxide, the hexchloride, and the tungstates of iron, silver, and 
barium. 

The composition of the trioxide has been the subject of many investi- 
gations. Malaguti* reduced this substance to the blue oxide, and from 
the difference between the weights of the two compounds obtained a 
result now known to be considerably too high. In general, however, 
the method of investigation has been to reduce WOj to W in a stream 
of hydrogen at a white heat, and afterwards to reoxidize the metal, thus 
getting from one sample of material two results for the percentage of 
tungsten. This method is probably accurate, provided that the trioxide 
used be pure. 

The first experiments which we need consider are, as usual, those of 
Benelius.t 899 parts WO, gave, on reduction, 716 of metal. 676 of 
metal, reoxidized, gave 846 WO,. Hence these percentages of W in 
WO,: 

79.644, by reduction. 
79.905, by oxidation. 

Mean, 79.7745, rh .0880 

These figures are fer too high, the error being undoubtedly due to the 
presence of alkaline impurity in the trioxide employed. 

Next in order of time comes the work of Schneider, J who with char- 
wteristic carefulness, took every precaution to get pure material. His 
pwcentages of tungsten are as follows : 

Reduction Series. 

79.336 
79.254 
79.3»2 
79.326 

79.350 



Mean, 79.3156 

Oxidation Series. 

79329 

79324 
79.328 



Mean, 79.327 
Mean of all, 79.320, ±: .0068 



* Journ. fur Prakt. Chein., 8, 179. 1836. 

fPogRAid. Annalen, 8. i. 182*^. 

J Journ. ffir Prakt. Chem., 50, 152. 1*^50. 
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Closely agreeing with these figures are those of Marchand,* publi 
iiv the following year : 

Reduction Series. 

79.307 
79.302 



Mean, 793045 

Oxidation Series, 

79-321 
79.352 



Mean, 79.3365 
Mean of all, 79.3205^ d= .0073 

The figures obtained by v. Borch f agree in mean tolerably well 
the foregoing. They are as follows : 

Reduction Series. 

79.310 
79.212 
79.289 

79.313 
79.225 

79.290 

79.302 



Mean, 79.277 

Oxidation Series. 

79.359 
79.339 



Mean, 79.349 
Mean of all, 79.293, dz .0108 

Dumas J gives only a reduction series, based upon trioxide obta 
by the ignition of a pure ammonium tungstate. The reduction 
effected in a porcelain boat, platinum being objectionable on accou 
the tendency of tungsten to alloy with it. Dumas publishes 
weighings, from which I have calculated the percentages : 



2.784 


grm. 


WC 


>3 gave 


; 2.20d 


grm. W 


• 


79.310 


per cent. 


2.994 








2.373 






79.259 


<( 


4.600 








3.649 






79.326 


i( 


.985 








.781 






79.289 


It 


•917 








•727 






79.280- 


it 


.917 








.728 






79.389 


<( 


1. 717 








1.362 






79.324 


(i 


2.988 








2.370 




Mean, 


79.317 


(< 




, 79.312, 


dr .009 



* Ann. Chem. Pharm., 77, 261. iSji. 
t Journ. fi\r Prakt. Cheni., 54, 254. 1851. 
J Ann. Chem. Pharm., 113, 23. i860. 



TUNGSTEN. 257 

ta furnished by Bernoulli * differ widely from those just given. 

mist undoubtedly worked with impure material, the trioxide 

greenish tinge. Hence the results are too high. These are the 

^es of W : 

Reduction Series. 

79.556 
79.526 

79.553 
79.558 
79.549 
78.736 



Mean, 79.413 

Oxidation Series, 

79.558 
79.656 

79.555 
79.554 



Mean, 79.581 
Mean of all, 79.480, ib .056 

iduction experiments by Persoz f give the following results : 

1.7999 grm. WOj gave 1.4274 grm. W. 79-304 per cent. 

2.249 '• 1.784 *' 79-324 *' 



Mean, 79.314, zb .007 

n order is the work done by Roscoe. t This chemist'used a 
boat and tube, and made six weighings, after successive reduc- 
l oxidations, with the same sample of 7.884 grammes of trioxide. 
iighings give me the following five percentages which, for the 
miformity with foregoing series, 1 have classified under the 
parate headings : 

Reduction Series. 

79.196 
79.285 
79308 

* Mean, 79.263 

Oxidation Series. 

79.230 
79299 



Mean, 79.2645 
Mean of all, 79.264, zb .0146 



•Pofifgend. Annalcn, iii, 573. i860. 
^ Zeit. Anal. Chem., 3, 260. 1864. 
X Ann. Chem. Pharm., 162,368. 1872. 
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Ill WaddelFs ex[)eriinents* especial precautions were taken to pro- 
cure tungstic oxide free from silica and molybdenum. Such oxide, 
elaborately purified, was reduced in hydrogen, witli the following results: 



1.4006 grm. WOj gave 1. 1 1 15 W. 79-359 pcr cent. 

.9900 '• .7855 *• 79.343 *• 

I 1479 " .9110 •• 79362 ** 

.9894 '• .7847 " 79.3 »> 

4.5639 •• 3.62<Ji " 79.320 






79.339, =fc .0069 

The investigation by Pennington and Smitlif started from the s\i\h 
position that the tungsten compounds studied by their predecessors had 
not been completely freed from molybdenum. Accordingly, tungstic 
oxide, carefully freed from all other impurities, was heated in a stream 
of gaseous hydrochloric acid, so as to volatilize all molybdenum as tho 
compound M0O3.2HCI. The residual WO,, was then reduced in pure 
hydrogen, and the tungsten so obtained was oxidized in porcelain 
crucibles. Care was taken to exclude reducing gases, and the trioxide 
was finally cooled in vacuum desiccators over sulphuric acid. The oxida- 
tion data are as follows, with the usual j)ercentkge column added. The 
weights are reduced to a vacuum : 



Tufi^slen, 


Oxygen Gained. 


Percentage, 


.862871 


.223952 


79.394 


.650700 


.168900 


79.392 


.597654 


.155*43 


79390 


.666820 


. 173103 


79.391 


.428228 


.111168 


79.390 


.671920 


.174406 


79.392 


.590220 


.153193 


79.394 


.568654 


.147588 


79.394 


1.080973 


.280600 


79.392 



Mean, 79-392, ±1 .0004 

With O = 16, this series gives W = 184.92. 

The very high value for tungsten found by Pennington and Smithi 
nearly a unit higher than that whioh was commonly accepted, seems t^ 
have at once attracted the attention of 8chneider,J who criticised ih^ 
paper somewhat fully, and gave some new determinations of his owi'*- 
The tungsten trioxide employed in this new investigation was heateil i* 
gasoous hydroohlorie acid, and the absence of molybdenum was proved 
The data ohtaiuiMl, both by reduction and by oxidation, are as followr^ 

•Am. Chein. Journ.. S. 2S0. i!vS6. 

f Read iH'tore the Amcr. Philos. Soc.. Nov. 2, 1894. 

: Touru. tV.r Trakt. Chem. \2), 53. 2'^'^. 1S96, 



Redtiction Series. 
2.0738 erm. WO, gave 1,6450 W, 
3,2400 ■' 



4.0SSJ 



4.7468 



Oxidation Series. 
ve I.91J2 WO,. 
4-0273 '■ 
5.9848 ■■ 



79,323 per I 
79.309 ■■ 
79-307 ■■ 



79.311 pt 

79.304 

79.3'4 



^P Mean of all, 79.3U, ± ,<: 

Hence with = 16, W = 184.007. 

Cn order to account for the diEFerence between this result and that of 
nningtoa and Smith, an impurity of molybdenum trioXide amounting 
about one per cent, would be neceaaary. Schneider suggeata that the 
anlitiesof material used by Pennington and Smith were too small, and 
&t there may have been meclianical loss of small particles during the 
ig heatings. Such losses would tend to raise the atomic weight eom- 
ted from the experiments. On theother hand, the loases could hardly 
ire been uniform in extent, and the extremely low probable error of 
nnington and Smith's series renders Schneider's supposition improb- 
1«L The error, if error exists, must be accounted for otherwiae. 
Since Schneider's paper appeared, another set of determinations by 
linn* has been published from Smith's laboratory. Attempts to verify 
B results obtained by Smith and Desi having proved abortive, and other 
perimenta having failed, Shinn resorted to the oxidation method and 
fee the subjoined data. The percentage column is added by myself; 

.22297 gim. W giLVe .1S090 WO 
.17200 '■ .21664 " 

».io9S9 •■ .13844 " 

. 10005 ■■ -U59S ■■ 



79-377 
79.394 
79-377 
79.4"7 

»". 79-39li ± .0066 



■ This figure is very close to that found in Pennington and Smith's series, 
nd therefore serves as a confirmation. The discordance between these 
ttiilte and Schneider's is still to he explained. 

There are still other experiments by Riche,t which I have not been 
We U> get in detail. They cannot be of any value, however, for they 
he to tungsten an atomic weight of about ten units too low. We may 
Jerefore neglect this aeries, and go on to combine the others : 



Benelids 79.7745, ± .0880 

Schneider, 1850 79-3ao, ±: .0068 

Mirchind . . . . 79,3205, 

•f. Borch 79-593. 

Onmu 79-3'3. 

ral Ihnis.. UaiversUy o! Peim^vh-ania. 1S9S. " The nloinlc 



:.O073 
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Bernoulli 79.480, ± .0560 

Persoi 79.J14, it .0070 

Roscoe 79.1^4. ± .0146 

Wnddcll. 79.339, i .0069 

Penninpon and Smilh 79-39*. dz -OOO4 

Schntider, 1896 79-3'l. ± .00I8 

Shinn : 79-39' • ± .0066 




- 79.388, 






Here the work of Penniiifttori and Smith vastly outweighs everylii 
else ; and if their supposition as to the presence of molybdenum ia; 
the previous investigations is correct, this result is to be accepted. 

Tlie rejection-of the figures given by Berzelius and by Bernoulli wwill 
exert an unimportant influence upon the final result. There is, thei* 
fore, no practical objection to retaining them in the discussion. 

In 1861 Scheibler* deduced the atomic weight of tungsten fnwi 
analyses of barium metatungatate, Ba0.4WO,.9HjO. In four eijieri- 
ments he estimated the barium as sulphate, getting closely conconiul 
resulte, which were, however, very far too low. These, therefore, are » 
jected. But from the percentage of water in the salt a better Ksalt 
attained. The percentages of water are as follows : 

13-053 
13.054 
" 3.04s 



Mean, lj.0368, i .0060 

The work of Zettnow,t published in 1867, was somewhat more com- 
phcated than any of the forei^joing researches. He prepared the |jni» 
tuiigstates of silver and of iron, and from their composition detenuiul 
the atomic weight of tungsten. 

lu the case of the iron salt the method of working was this: Tht 
pure, artificial FeWO, was fused with sodium carbonate, the rcealtlnf 
sodium tungstate was extracted by water, and the tlioroii};hly waelitd) 
residual ferric oxide was dissolved in hydrochloric acid. 'ITiis solution 
was then reduced by zinc, and titrated for iron with potassium penniti- 
ganate. Corrections were applied for the drop in excess of permaa- 
ganate needed to produce distinct reddening, and for the iron eonlainri 
in the zinc. 11.95)> grammes of the latter metal contained iron corrr 
sponding to 0.6 cc. of the standard solution. ■ The permaiiganate wu 
standardized by comparison with pure ammonium -ferrous sulji 
Am,Fe{S0,),.6H,0, so that, in point of fact, Zettnow establishes direcUj 
only the ratio between that salt and the ferrous tungstate. From 7.«tt 
now's four experiments in standardizin? I find that 1 cc. of hid solntioo 
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ds to 0.0365457 gramme of the double sulphate, with a prob- 
of ± .0000012. 

ets of titrations were made. In the first a quantity of ferrous 
was treated according to the process given above ; the iron 
as diluted to 500 cc, and four titrations made upon 100 cc. at 
^'he second set was like the first, except that three titrations 
e with 100 cc. each, and a fourth upon 150 cc. In the third 
n solution was diluted to 300 cc, and only two titrations upon 
5h were made. In sets one and two thirty grammes of zinc 
for the reduction of each, while in number three but twenty 
vere taken. Zettnow's figures, as given by him, are quite com- 
therefore I have reduced them to a common standard. After 
ill corrections the following quantities of tungstate, in grammes, 
i to 1 cc. of permanganate solution : 



.028301 1 
•°^«29' I First set. 

.028311 



.028301 J 
.028367 

•°2^368 . second set. 
.028367 

.028367 ^ 

•°2^^3n^^hirdset. 
.028438 i 

Mean, .0283549, ±: .0000115 

le silver tungstate, Ag^WO^, Zettnow employed two methods.^ 
periments the substance was decomj)Osed by nitric acid, and 
thus taken into solution was titrated with standard sodium 
In three others the tungstate was treated directly with com- 
and the residual silver chloride collected and weighed. Here 
account of some complexity in Zettnow's figures, I am com- 
•educe his data to a common standard. To 100 parts of AgCl 
ing quantities of Ag^WO^ correspond : 

By First Method, 
161.665 
161.603 



Mean, 161.634, it .021 

By Second Method, 

161.687 
161. 651 
161. 613 



Mean, 161.650, zh .014 
neral mean from both series, 161.645, i .012 
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For tungsten hexchloride we have two analyses by Roscoe, published 
in the same paper with his results upon the trioxide. In one experi- 
ment the chlorine was determined as AgCl ; in the other the chloride 
was reduced by hydrogen, and the residual tungsten estimated. By 
bringing both results into one form of expression we have for the pei^ 
centage of chlorine in WClj : * 

53.588 
53.632 



Mean, 53.610, di .015 

The work done by Smith and Desi f probably ought to be considered 
in connection with that of Pennington and Smith on the trioxide, 
Smith and Desi started with tungsten trioxide, freed from molybdenum 
by means of gaseous hydrochloric acid. This material was reduced ia 
a stream of carefully purified hydrogen, and the water formed was col- 
lected in a calcium chloride tube and weighed. To the results found I 
add the percentage of water obtained from 100 parts of WO,. Vacuuna 
weights are given. 



1^0,. 


Hfi, 


Per cent. H^O. 


.983024 


.22834 


23.228 


.998424 


.23189 


23.226 


1.008074 


.23409 


23.221 


.911974 


.21184 


23.229 


.997974 


.23«79 


23.226 


1.007024 


.23389 


23.226 



Mean, 23.226, dr .0008 

There are now six ratios from which to calculate the atomic weight of 
tungsten : 



( I.) Percentage of W in WOj, 79.388, d= .00039 

(2.) Percentage of H,0 in Ba0.4WO,.9H,0, 13.0368, rb .0060 

(3.) WO, : 3H,0 : : 100 : 23.226, db .0008 

(4,) Am,Fc(S0J,.6H,0 : FeWO^ : : .0365457, ± .0000012 : .0283549, ± .OOOOHS 

(5.) 2.\gCl : AgjWO^ : : lOO : 161.645, db .01 2 

(6.) Percentajje of CI in WCI^, 53.610, db .015 






Tlies^o are red u coil with — 

O - 15.870, z*r. .0003 
.'\i: 107. lOv^. -^ .0031 

Cl 35.17^. -t: .OO4S 

^' " > 3-^35. IT .0021 



S -— 31.828, rt .0015 
Ba = 136.392, ±r .0086 

F"* = 55-597, = .0023 
AgCl ^ 142 2S7, ±: .0037 



• The actual fijjurrs arc a.* follow* : 

w 5>'^^ Krm. WCU pare 4i-4»-r grm. AgCl. 
lo.4.;J^ " 4.5^374 gnu. tungsten. 

t ReaU l<fv>re Amer. rhikv*. S<v.. Nov. i, 18^4. 
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fent^e there (ire six values for the atomic weight of tungsten, as follows: 
rmmni W .= 18.1.485, ± .0051 

tl-'r»ni(l) ■■ = 1S1.63B, ±.1248 
From (3) " = 183 29B. rfc .0088 
►fom(4j '• =183.035. ±1239 
Kiom (s) " = 181.168, ± .0663 
From (6) " ^ 182.647, ± .0820 
Geiifnil mean \V = (83.429, ± ,0044 
= 16, W = 184.827. The rejection of all values except the first 
third raiaea the mean by 0.009; that is, fonr of the ratios count for 
o.'^t nothing, ami the work done in Sniith'H luboratory dominates all 
rest. The questions raised by Schneider in his latest determination, 
ever, are iioi yet answered, and farther investigation is required in 
ir to fully e.^tabliah tlie true atomic weight of tungsten- 

^ URANIUM. 

he earlier attempts to determine the atomic weight of uranium were 
.ntiated by the erroneous supposition that the uranoua oxide was 
ly the metal. The supjiosition, of course, does not affect the weigh- 
i and analytical data which were obtained, although these, from their 
ordance with each other and with later and better results, have now 
/ a historical value. 

or present purposes the determinations made by Berzelius,* by Arf- 
son.t and by Marchand X may be left quite out of account. Berzelius 
tloyed various methods, while the others relied upon estimating the 
;ent^e of oxygen lost upon the reduction of U.O, to UO,. Ramniels- 
5's§ results also, although very suggestive, need no full discussion. 
analyzed the green chloride, UCl, ; eflTected the synthesis of uranyl 
>hate from uranous oxide; determined the amount of residue left 
m the ignition of the aodio and bario-uraiiic acetates ; estimated the 
.ntity of magnesium uranate formed from a Itnown weight of UO,, 
, attempted also to Hx the ratio between the green and the blacic 
iea. His figures vary so wideiy that they could count for little in 
establishing of any general mean ; and, moreover, they lead to eati- 
;«3 of the atomic weight which are mostly below tlio true value. For 
ance, twelve lota of UiO, from several different sources were reduced 
TO, by heating in hydrogen. The percentages of loss varied from 3.83 
Lfi7. the mean being 4.121. Tlicao figures give values for the atomic 
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weight of uranium ranging from 184.33 to 234.0>3, or, tii mean, 21uB 
Such discordance is due partly to impurity in some of the materiilB 
Btuiliod, ami illustrates the difficulties inherent in the problem to btl 
solved. Someof the uranoso-uranic oxide was prepared by calcining tin ■ 
oxalate, and retained an admixture of carbon. Many such points wertl 
worked up by Rammelaberg with much care, so that his papers should 
be scrupulously studied by any cheniiat who contemplates a redettnni- 
nation of the atomic weight of uranium. 

In 1841 and 1S42 Peligot published certain papers* showing tliat the 
atomic weight of uranium must be somewhere near 240. A few yeui 
qater the same chemist published fuller data concerning the constant in. 
luestion, but in the time intervening between hia earlier and his finit! 
researches other determinations were made liy Ebelmen and by Wti- 
theim. Tlieae in\x'sttgations we may properly discuaa in chnmologicrf 
order. For present purposes the early work of Peligot may be disiaissed 
as only preliminary in cliaracter. It ahowed that what had been pre- 
viously regarded as metallic uranium was in reality an oxide, but gave 
figures for the atomic weight of the metal which were merely ajiprosi- 
mations. 

Ebelmen'sf determinations of the atomic weight uf uraniu 
based upon analyses of uranic oxalate. This salt was dried at lOO*. 
and then, in weighed amount, ignited in hydrogen. The residual un- 
nous oxide was weighed, and in some cases converted into U,0, by heating 
in oxygen. The following weighte are reduced to a vacuum standard: 

10.1644 E™- mnlate give 7.2939 Em 



1I.S007 
9.9913 



. uo,. 



7-'73' 
7.9610 



', .3685 
-3*75 

.3 'OS 



7,1 



6.7940 " 4.8766 '• 

16.0594 " M.J190 ■' ■■ .4 

Reducing these figures to percentages, we may present the results in , 
two columns. Column A gives the percentage-) of UO, in the oxalate. 
while B represents the amount of U,0, formed from 100 parts of UOi: 



71.9'4 
71.787 












103.949 


71,767 












^m 


71.611 












^^1 


71.794 












^H 


7". 793 














71.778 














71.790 












'03 93<» 
















Mean, 71.782, ± 


.019 








M 


in. 103.913. ±:-009 


• Compt. Rend,, >i 


73S. 


&ti 


Ann 


c 


^ 


Phy- 'ji. 5s. >»«. 


tJOura-mrPrafci. 


Chem 


=7 


A^ 


B4J 
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Wertheim's^ experiments were even simpler in character than those 
oC Ebelmen. Sodio-uranic acetate, carefully dried at 200^, was ignited, 
kaving the following percentages of sodium uranate : 

67.51508 

67.54558 
67.50927 



Mean, 67.52331, dt .0076 

The final results of Peligot's t investigations appeared in 1846. Both 

the oxalate and the acetate of uranium were studied and subjected to 

eombustion analysis. The oxalate was scrupulously purified by repeated 

erystallizations, and. thirteen analyses, representing different fractions, 

were made. Seven of these gave imperfect results, due to incomplete 

purification of the material ; six only, from the later crystallizations, 

need to be considered. In these the uranium was weighed as UjOg, and 

the carbon as CO,. From the ratio between the CO, and UjOg the atomic 

weight of uranium may be calculated without involving any error due 

to traces of moisture possibly present in the oxalate. I subjoin Peligot's 

weighings," and give, in the third column, the Ufi^ proportional to 100 

parts of CO, : 

COr Ufi^. Ratio. 

1.456 grm. 4.649 grm. 3'9.299 

1.369 ** 4.412 *' 322.279 

2.209 ** 7.084 ** 320.688 

I.019 ** 3.279 «* 321.786 

1.069 " 3.447 ** 322.461 

1.052 " 3.389 ** 322.148 



Mean, 321.443, ± .338 

From the acetate, U02(C,H30,),.2H,0, the following percentages of 
U,0, were obtained : 

5.061 grm. acetate gave 3.354 grm. UjOg. 66.2715 per cent. 

^ '^' " 3.057 ** 66.4421 ** 



4.601 
1.869 

3.817 
10.182 

4.393 
2.868 



1.238 '* 66.2386 

2.541 " 66.5706 

6.757 *' 66.3622 

2.920 ** 66.4694 



Mean, 66.3569, ± .038 



**^ acetate also yielded the subjoined percentages of carbon and of 
__^**- Assuming that the figures for carbon were calculated from known 



* Journ. fur Prakt. Chem., 29, 209. 1843. 
tCompt.Jlend.. 22, 487. 1846. 
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weights of dioxide, with C = 12 and = 16, 1 have added a third column, 
in which the carbon percentages are converted into percentages of CO,: J* 

21.60 11.27 41.323 

21.16 11.30 41433 

21.10 11.30 4'.433 

21.20 II. 10 40.700 

Mean, 21.265, zb .187 Mean, 11.24 Mean, ^1,212^ it .092 

From these data we get the following values for the molecular weight 
of uranyl acetate : 

From percentage of UjOg 423.183, db .4781 

From percentage of CO, 423.842, ± .9462 

From percentage of H,0 420.386, d= 2.9033 

General mean 423.257, d= .4222 

In the posthumous paper of Zimmermann, edited by Kriiss and Alibe- 
goff * the atomic weight of .uranium is determined by two methods. 
First, UOj, prepared by several methods, is converted into UjOg by heat- 
ing in oxygen. To begin with, UjOg was prepared, and reduced to UO, 
by ignition in hydrogen. When the reduction takes place at moderate 
•temperatures, the UO.^ is somewhat pyrophoric, but if the operation is 
performed over the blast lamp this difficulty is avoided. After weighing 
the UO2, the oxidation is effected, and the gain in weight observed. The 
preliminary UjO^ was derived from the following sources : A, from ura- 
nium tetroxide; B, from the oxalate; C, from uran}'! nitrate; D, by 
precipitation with mercuric oxide. The full data, lettered as indicated 
above, are subjoined : 




f 15.8996 
^^1 7.4326 



U^O^. 


Per cent, of Gain. 


9.2872 




3.927 


8.2789 




3.929 


12.9270 




3.927 


»3-39i3 




3.925 


5-933' 




3.927 


10.0051 




3.928 


'3.7036 




3929 


10.3901 




3.929 


16.5242 




3.928 


7.7245 


Mean 


3.927 




, 3.9276, dr .0003 




Ebelmen found 


,3.913. -^.009 



General mean, 3.9276, dr .0003 

In short, Ebelinen's mean vanishes when combined with Zimnier- 



mann's. 



• Ann. d. Chcm., 232, 299. 1886. 
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Zimmermann's second method was essentially that of Wertheim, 
namely, the ignition of the double acetate UO,(C,H30,)5.NaC,HjOj, the 
residue being sodium uranate, Na,U,07. 

Double Acetate, Uranate. Per cent. Uranate. 

4.272984 2.886696 67.557 

5.272094 3560770 67.540 

2.912283 1.967428 67.556 

3.181571 2.149309 67.555 

Mean, 67.552, ± .0027 
Wertheim found, 67.523, zb .0076 

General mean, 67.549, d= .0025 

All the data for uranium now sum up thus : 

(i.) Per cent. UO, from uranyl oxalate, 71.782, di .019 

(2.) 6CO, : UjOg : : 100 : 321.443, ± .338 

(3.) Molecular weight of uranyl acetate, 423.842, d= .4222 

(4.) 3UO, : U,Og : : 100 : 1 03. 9276, zb .0003 

(5.) Per cent. NajUjO^ from U0a.Na(C,HjOa)3, 67.549, db .0025 

Computing with = 15.879, =b .0003 ; C = 11.920, ± .0004, and Na = 
22.881, =b .0046, we have— 

From (I) U = 235.948, ± .1938 

From (2) ** = 238.462, ± .2953 

From (3) •• =238.541, ±.4223 

From (4) " = 237.770, ±1 .0055 

From (5) " = 237.902, lb .0283 

General mean U = 237.774, d= .0054 

If O = 16, U = 239.586. 

In this case Zimmermann's data control the final result All the other 
determinations might be rejected without appreciable effect. 
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SELENIUM. 

The atomic weight of tliid element was first determined by Berzulius,* 
who, saturating 1011 parts nf selenium with chlorine, found thnt 179 of 
chloride were produced. Further on these figures will be combined with 
similar results by Dumas. 

We may omit, as unimportant for present purposes, the analyses of 
alkaline selenates made by Mitscberlich and Nitzsch.f and pass ou la 
the experiments published by Sacc X '^ 1S47. This chemist resorted la 
a variety of raethnds, some of which gave good results, while others were 
unsatisfactory. First, he sought to eatsiblish the exact composition of 
SeO„ both by syntheain and by analysis. The former plan, accordinglo 
which he oxidized pure selenium by nitric acid, gave poor results ; belief 
figures were obtained upon reducing SeO, with ammonium bisulphite 
and hydrochloric acid, and determining the percentage of selenium set 
free: 

.6800 erm. SeO, gave .4818 grm. Sc. 71.000 per cent. 

3.52*7 ■■ 2.5047 '■ 71.102 ■■ 

4.4870 " S-'W ■' 7'-'6i " 

Mean, 71.083, ± .03a 

In a similar manner Sacc also reduceil barium selenite, and weighed 
the resulting mixture of barium sulphate and free selenium. This pre- ' 
cess gave discordant results, and a better method was found in calcining 
BaScOj, with sulphuric acid, and estimating the resulting quantity of 
BaSO,. In the third column I give the amounts of BaSOjCquivalentto . 
lOOof BaSeO,: 



-55 73 g'"' 
■994s 

■9747 



liaScOj gave .4929 Erm. BaSOj. 



88.383 
88.473 

8S.448 



8.437. ±-o'j" 



Still other experiments were made with the selenitea ofsilver andle*3; 
but the figures were subject to such errors that they need no further dis- 
cussion here. 

A few years after Sacc's work was published, Erdmann and Marcbam! 
made with their usual care a series of experimenta upon the alooii^ 
weight under consideration. § They analyzed pure mercuric selenide, 
which had been repeatedly sublimed and was well crystallized. Their 
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ethod of manipulation has already been described in the chapter upon 

lercury. These percentages of Hg in HgSe were found : 

71.726 

7i.73» 
71.741 



Mean, 71.7327, ±.003 

The next determinations were made by Dumas * who returned to the 
original method of Berzelius. Pure selenium was converted by dry 
chlorine into SeCl4. and from the gain in weight the ratio between Se 
and CI was easily deducible. I include Berzelius' single experiment, 
which I have already cited, and give in a third column the quantity of 
chlorine absorbed by 100 parts of selenium : 



1.709 grm. 


Se absorb 


1 3.049 grm. 


CI. 


178.409 


I.810 




3.219 






177.845 


1.679 




3.003 






178.856 


1.498 




2.688 






'79439 


1.944 




3.468 






178.39? 


1.887 




3.382 






179.226 


1.935 




3.452 






178.398 

1 79.000— Berzelius. 



Mean, 178.696, d= .125 

The question may here be properly asked, whether it would be possi- 
ble thus to form SeCl^, and be certain of its absolute purity ? A trace of 
oxychloride, if simultaneously formed, would increase the apparent 
Atomic weight of selenium. In point of fact, this method gives a higher 
value for Se than any of the other ])roce8ses which have been adopted, 
and that value has the largest probable error of any one in the entire 
series. A glance at the table which summarizes the discussion at the 
end of this chapter will render this point sufficiently clear. 

Still later. Ekman and Petterssonf investigated several methods for 
the determination of this atomic weight, and finally decided upon the 
two following : 

First, pure silver selenite, Ag^SeO, was ignited, leaving behind metallic 
silver, which, however, sometimes retained minute traces of selenium. 
The data obtained were as follows : 

Ag^eO^. Ag. Per cent. Ag. 

5.2102 32787 62.93 

5.9721 3.7597 . 62.95 

7.2741 4.5803 62.97 

7.5390 4.7450 62.94 

6.9250 4.3612 62.98 

7.3455 4.6260 62.98 

6.9878 4.3992 62.95 

Mean, 62.957, d: .005 



•Ann. Chem. Phartn., 113, 32. i860. 

tBer. d. Dcntech. Chem. Gesell., 9, 1210. 1876. Published in detail by the society at Upsala. 
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Secondly, a warm aqueous soluYion of selenious acid was mixed witli 
HCl, and reduced by a current of SO,. The reduced Se was collected 
upon a glass filter, dried, and weighed. 

SeO^. Se. Per cent, Se. 

II. 1760 7-9573 7i.«99 

11.2453 8.0053 7'- 185 

24.4729 17-4232 7M93 

208444 14.8383 71*187 

31.6913 22.5600 7I-I9I 

Mean, 7 1. 191, dt .0016 
Sacc found, 71.088, ± .0320 

General mean, 71.1907, it .0016 

There are now five series of figures from which to deduce the atomic 
weight of selenium : 

(I.) Per cent, of Se in SeO,, 71.1907, ± .0016 
(2.) BaSeO, : BaSO^ : : too : 88.437, dh .013 
(3.) Per cent, of Hg in HgSe, 7'. 7327, ± .003 
(4.) Se : Cl^ : : too : 178.696, ±. .125 
(5.) Per cent, of Ag in Ag,SeO„ 62.957, ± .005 

From these, computing with — 

O = 15.879,^.0003 S = 31.828,^.0015 

Ag = 107.108, dt .0031 Ba = 136.392, d= .0086 

Ci =r 35.179, ± .0048 Hg= 198.491, di .0083, 

five values for Se are calculable, as follows : 

From (i) Se = 78.477, ± .0049 

From (2) ** ^ 78.006, rh .0410 

From (3) "=78.2x7,^.0095 

From (4) '• = 78.740, ± .0561 

From (5) •' = 78.405, rt .0201 

General mean Se = 78.419, di .0042 

If = 16, this becomes Se = 79.016. 
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TELLURIUM. 

icuTar interest nttadies to the atomic weiglit of tellurium on ac- 
'fila relations to the periodic laiv. According to that law, tellurium 

lie between antimony and iodine, having an atomic weight greater 
iO and less than 126. Theoretically, Mendelejeff assigns it a. value 
= 125, hut all of the best determinations lead to a mean number 

than ia admisBible under the currently accepted hypotheses, 
or theory or exf>eriment is at fault remains to be di.^covered. 
first, and for many year.-i the only, determinations of the constant 
ition were made by Berzelius.* By means of nitric acid he oxi- 
ellurium to the dioxide, and from ttie increase in weight deduced 
B for the metal. He jmblished only his final results, from which, 

100, Te = 802.121. The three separate experiments give Te = 
, 801.786, and 802.838, whence we can calculate the following per- 
es of metal in the dioxide; 



P 



80.036 
80.034 

1, S0.04Z, ± .005 



next determinations were made by von Hauer.f who resorted to 
lalysia of the well crystallized double salt TeBr,.2KBr. In this 
lund the bromine was estimated as silver bromide, the values 
ed for Ag and Br being respectively 108.1 and 80. Recalculating, 
lUr newer atomic weights for the above-named elements, we get 
B Hauer'a analyses, for lOOparta of the salt, the quantities of AgBr 
B put in the third coluTnn : 



69.946 per a 


:nl. lir. 


164.460 


69 8443 




164.221 


69.9113 




164.379 


70.0163 




164.626 


69.901 




164. '55 




Mea 


rt, 164,408.^.045 



I Berzelius' series we may calculate Tc = 127. 36f!, and from von 
■'a Te = 126.454. Dumas, J by a method for which he gives abso- 
no particulars, found Te = 129. 
1879, with direct reference to Mendelejeff's theory, the subject of 

uc weight of tellurium was taken up by Wills. § The methods 



i't'y».(3).H, 1J9. 

■•<. Sue., Oct.. 1879. T 
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of Berzeliiis and von Hauer were employetl, with various rigid precis- 
Uoiia in the way of teating balance and weights, and to ensure purity nf 
nmteriai. In the first aeries of experiments tellurium was oxidized by 
nitric acid to form TeO,. The resulta gave figures ranging fronS Te= 
12.5.B4 to 128.66: 



I. TeO,. 




79- i 
79.989 



8 per cenu "I*e. 



! 



grm. Te gave 3.S6158 gtm. TeO,, 



In the second series tellurium was oxidized Ijy aqua regia lo TeO„ 
results varying from Te == I'iT.lO to 127 .■S2; 



So.OJfl per cent, Te. 



" 4.08064 ■■ So.0j7 '■ 

Mean, 80.018, i .004 

By von Hauer'a process, the analysis of TeBr,.2K Br, Will's figures gi« 
results ranging from Te^= 12-5.40 to 126.94, Reduced to a comnioo 
standard, 100 parts of the salt yield the quantities of AgBr given in thf 
third column : 



70673 grm. KjTcBr, gave 3.80499 S""- -^e"'- 



I75"5 


2.88071 


2.0693S 


3-40739 


3-2979+ 


5-43**8 


3.46545 


4 0574a 



164.349 
164.39S 
164.657 
164.717 
164.57' 

"«^.S38, ± .048 



Combined with von Hauer'e mean, 164.408, ± .(145, this nivea a ijeniTiil 
mean of 164.468, ± .033. Hence Te = 126.502. 

The next determinations in order of time were those of BmunW-' 
This chemist tried various unsuccessful methods fur determining tht 
atomic weight of tellurium, among* them being the synthetic preparatiw 
of silver, copper, and gold tellurides, and the basic sulphate, Ti^^v 
None of these methods gave sufficiently concordant results, and Ibey 
were therefore abandoned. The oxidation of tellurium to dioxide by 
means of nitric acid was also unsatisfactory, but a series of oxidations 
with aqua rcgia gave data as follow.s. The third column contains tlie 
percentage of tellurium in the dioxide : 
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Te. 




TeO^. 


Percent. Te. 


2.3092 




2.9001 




79.625 


2.8153 




35332 




79.681 


4.0176 




5.0347 




79.798 


3.1613 




3.9685 




79.660 


.8399 




1.0526 


Mean, 


79.793 




79.711, :ir 


Te = 124. 


709. 
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ingle analysis of the dioxide, by reduction with SO,, 2.5489 
TeOj jj:ave 2.0374 of metal. If we give this experiment the 
f one ooservation in the synthetic series, the percentage of tel- 
;)und by it becomes — 

79.932, ± .0534. 
Te= 126.494. . 

L*r's best results were obtained from analyses of tellurium tetra- 
prepared from pure tellurium and pure bromine, and after- 

blimed in a vacuum. This compound was titrated with standard 
of silver, and three series of experiments, made with samples 

de of different origin, gave results as follows, ^he TeBr^ equiva- 



\MM V*J X^ ft %JAM, V x^a 


Firk Series. 


VTA. «A A A A aa • 


TeBr,. 


Agi- 


Ratio. 


2. 14365 
1.76744 

1.47655 
1.23354 


2.06844 

1. 7053 1 

1.42477 
1.19019 

Second Series. 


103.636 
103.643 
103.634 
103.642 


TeBr^. 


^gf 


Ratio. 


3.07912 

5.47446 

3.30927 
7.26981 

3.52077 


2.97064 

5.28157 

3.»93i3 
7.01414 

3.39667 
Third Series. 


103.651 
103.652 

103.637 
103.645 

103.654 


TeBt\. 


^gA- 


Ratio. 


2.35650 
<.5»93i 
1.43985 


2.27363 
1.46564 
1.38942 


103.645 
103.662 
103.630 



Mean of all as one series, 103.644, 4^ .0018 
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Hence Te = 126.668, dt .0290. A reduction of the weighings to t 
vacuum raises this bv 0.07 to 126.738. 

Still another series of analyses, made with fractionated material, gave 
values for tellurium running up to as high as 137. These experiments 
leii Brauner to believe that he had found in tellurium a higher honwh 
logue of that element, a view which he has since abandoned.* Brauner 
also made a series of analyses of tellurium dibromide, but the reaults 
were unsatisfactory. 

In the series of determinations by Gooch and Rowland t an alkaline 
solution of tellurium dioxide was oxidized by means of standard solu- 
tions of potassium permanganate. This was added in excess, the exc« 
being measured, after acidification with sulphuric acid, by back titration 
with oxalic acid and permanganate. Two series are given, varying in 
detiiil, but for present purposes they may be treated as one. The ratio 
TeO.^ : : : 100 : x is given in the third column.. 



^ TeO^ Taken. 


Required, 




Ratio. 


.I2O0 


.01202 




10.017 


.0783 


.00785 




10.026 


.0931 


.00940 




10.097 


.1100 


.01119 




10. 149 


.090^ 


.00909 




10.055 


.1065 


.0107S 




10. 1 22 


.0910 


.00915 




10055 


.0910 


.00910 




1 0.000 


.0911 


.00924 




10.143 


.0913 


.009 r5 




10.022 


.0912 


.00915 




10.033 


.0914 


.00923 




10.098 






Mean, 


, 10.068, 



±.0100 



Hence Te= 125.96. 



In Staudenmaier's % determinations of the atomic weight of tellurium, 
crystallized telluric acid, H,TeOg was the starting point. By careful 
lieating in a glass bulb this compound can be reduced to TeO„ and by 
heating in hydrogen, to metal. In the latter case finely divided silverwas 
addtMl to prevent volatilization of tellurium. The telluric acid was frac- 
tionally crystallized, but the different fractions gave fairly constant results. 
1 therefore group Staudenmaier's data so as to bring them into series 
more suitable for the present discussion. 

♦ Jouni. Chcm. Soc., 67. 549- ^Sgs. * 

t Amcr. Journ. Sci., 5S. 375. 1894. Some misprints iu the ori^nnal publication have beenkinfly 

corrected by Professor Gooch ; hence the differences between these data and the figures formerty 

given. 
\ Zeitsch. Anorg. Chem., 10, 189. 1895. 
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First. H^TeO^ to TeO,, 

H^ TeO^. Loss in IVeight, Per cent. TeO^, 

1.7218 .5260 69.451 

2.8402 .8676 69.453 

4.0998 1.2528 69.442 

3.0916 .9450 69.433 

1.1138 .3405 69.429 

4.9843 1.5236 69.432 

4.6716 1.4278 69.437 

Mean, 69.440, ± .0024 

Hence Te = 126.209. « 

Second. HJeO^ to Te. 

H^TeO^. Loss in Weight. Percent. Te. 

1.2299 .5471 55.517 

1.0175 .4526 55-5«8 

2.5946 I 1549 55 488 

Mean, 55.508, zb .0068 

Hence Te = 126.303. 

Staudenmaier alio gives four reductions of TeO^ to Te, in presence of 
finely divided silver. The data are as foUows : 

TeO^. Loss in Weight. Per cent. Te. 

.9171 .1839 79.948 

1 9721 .3951 79.966 

2.41 15 .4835 79950 

1.0172 .2041 79.935 

Mean, 79.950, rfc .0043 

Hence Te = 126.636. 

The liwt series, givintr tlie percentage of teUuriuin in the dioxide, com- 
bines with previous series thus: 

Berzelius 80.042, =b .0050 

WiUs, first series 80.015, dr .0410 

Wills, second series 80.028, db .0040 

Brauner, synthesis 79. 7 1 1 , ± .0239 

Brauner, analysis 79.932, ±: .0534 

Staudenmaier 79.950, =h .0043 

• General mean 80.001, -±: .0025 

The very recent determinations hyChikashijre* were made by Brauner's 
inethod, giving the ratio between silver and TeBr^. In all essential par- 
ticulars the work resembles that of Brauner. except that the tellurium, 

♦ Journ. Chem. Soc, 69. 8S1. 1896. 
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instead of being extracted from metallic tellurides, was derived from 
Japanese native sulphur, in which it exists as an impurity. Thisdiff©- 
ence of origin in the material studied gives the chief interest to the 
investigation. The data are as follows : 

TeBr^, Ag, Ratio. 

4. 1 812 4.0348 103.628 

4.3059 4.1547 103.639 

4.5929 4.43'9 103.633 

Mean, 103.633, d= .0023 
Brauner found, 103.644, =h .0018 

General mean, 103.640, :^ .0014 

Now, to sum up, the subjoined ratios arc available for computing the 
atomic weight of tellurium : 

(I.) Percentage Te in TeO,, 80.001, rh .0025 
(2.) Percentage Te in H,TeOj, 55.508, ± .0068 
(3.) Percentage TcO, in H^TeO^, 64.440, db .0024 
(4.) Ag4 : TeBr^ : : lOO : 103.640, i .0014 
(5.) KjTeBrj : 6AgBr : : lOO : 164.468, rb .0330 
(6.) TeO, : O : : lOO : IO.068, db .OIOO 

To reduce these ratios we have — 

O = 15.879, ±: .0003 K = 38.817, db .0051 

Ag = 107. 108, dr .0031 AgBr = 186.452, =t .0054 

Br = 79.344, ±L .0062 

For the atomic weight of tellurium six values appear, as follows: 

From (I) Te = 127.040, i .0165 

From (4) ** = 126.650, zb .0302 

From (5) " =126.502,1^.1430 

From (2) " =126.303,^.0246 

From (3) ** = 126.209, lb .0138 

From (6) '* = 125.960, d= .1574 



General mean Te =r 126.523, rb .0092 

IfO = l(i, Te--127.4S7. 

A careful ooiisideration of tlie foregoing figures, and of the experi- 
mental methods hv which tliev were obtained, will show tliat thev a^ 
not absolutely eonelusive witli reirard to the place of tellurium unJ^^ 
the perit>die law. The atomic weight of iodine, calculated in a previou? 
chai>ter, is TJo.SSS. Wills' values t'or Te, rejecting his first series as rel*^' 
tively uninii>(>rtant, range from r2.").4() to 127.8*2 ; that is, some of th*-^*^^ 
fall helow the atomic weiirht of iodine, although none descend quit*? ^'^ 
the 12') assumed l»v Mendeleietr. 

Some of Hrauner's data fall even lower; and the same thing is true ^" 
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jrooch and Howland's series, of which the mean gives Te =» 125.96, a 
ralue very little above that of iodine. 

In considering the experimental methods, reference may properly be 
Dade to the controversy regarding the atomic weight of antimony. It 
mil be seen that Dexter, estimating the latter constant by the conver- 
rion of the metal into Sb^O^, obtained a value ap])roximately of Sb = 122. 
Dumas, working with SbCl,, obtained nearly the same value. Schneider 
%nA Cooke, on the other hand, have established an atomic weight for 
antimony near 120, and Cooke in particular has traced out the constant 
srrors which lurked unsuspected in the work of Dumas. Now in their 
physical asj)ects tellurium and antimony are quite similar. The oxida- 
tion of tellurium to dioxide resembles in many particulars that of anti- 
mony, and may lead to error in the same w^ay. In each of the six tel- 
lurium ratios there is still uncertainty, and a positive measurement, free 
from objections, of the constant in question is yet to be made. 
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The atomic weight of fluorine has been chiefly determined by one 
general method, namely, by the conversion of fluorides into sulphates. 
The work of Christensen, however, is on different lines. P^xcluding the 
early results of Davy,* we have to consider first the exj)eriments of 
Kerzelius, Louyet, Dumas, De Luca, and Moissan with reference to the 
fluorides of calcium, sodium, potassium, barium, and lead. 

Tlie ratio between calcium fluoride and sulphate has been determined 
by the fixe investigators above named, and by one general process. The 
fluoride is treated with strong sulphuric acid, the resulting sulphate is 
ignitetl, and the product weighed. In order to insure complete, trans- 
formation special precautions are necessary, such, for instance, as re- 
peated treatment with sulphuric acid, and so on. For details like these 
the original papers must be consulted. 

The first experiments in chronological order are those of Berzelius,t 
Who operated upon an artificuil calcium fluoride. He found, in three 
Experiments, for one part of fluoride the following of sulphate: 

1.749 

i.750 
1. 751 



Mean, 1.750, db .0004 

Louyet's r^earches J were much more elaborate than the foregoing. 
&e began with a remarkably concordant series of results upon fluor s])ar, 

♦ Phil. Trans., 1S14. 64. 

fPojCRend. Annalcn, 8, i. 1826. 

J Ann. Chim. Phys. (3), 25, 300. 1849. 
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in which one gramme of the fluoride yielded from 1.734 to 1.737 of sul- 
phate. At first he regarded these as accurate, but he soon found that" | 
particles of spar had been coated with sulphate, and had therefore 
escaped action. In the following series this source of error was guanied 
against. 
Starting with fluor spar, Louyet found of sulphate as follows: 

1.742 
>.744 

".745 

1.744 
1.7435 

1-7435 



Mean, 1.7437, ± .0003 



A second series, upon artificial fluoride, gave : 

1.743 

1. 741 
1. 741 



Mean, 1.74 17, ± .ocx)4 

Dumas* published but one result for calcium fluoride. .495 gnn.gave 
.864 grm. sulphate, the ratio being 1 : 1.7455. 

De Lucaf worked with a very pure fluor spar, and published the fol- 
lowing results. The ratio between CaSO^ and one gramme of CaF,i9 
given in the third column : 

.9305 grm. CaF, gave 1.630 grm. CaSC\. '.7518 

.836 " 1.459 ** >.7452 

.502 '• .8755 '* 1.7440 

.3985 *' .6945 *' 1.7428 

If we include Dumas' single result with these, we get a mean of 
1.7459, ± .0011. 

MoissanJ unfortunately gives no details nor weighings, but merely 
states that four experiments with calcium fluoride gave values for Prang- 
ing from 19.02 to 19.08. To S he lissigned the value 32.074, and probably 
Ca was taken as = 40. With these data his extreme values as given 
may be calculated back into uniformity with the ratio as stated above, 
becoming — 

1.7444 
I. 7410 



Mean, 1.7427 



•Ann. Chem. Phami., 113, 28. 1S60. 
+ Compt. Rend., 51, 299. i860. 
tCompt. Rend , iii, 570. 1890. 
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If we assign this equal weight with Berzelius' series, the data for this 
•atio combine thus : 

Berzelius '-7500, ± .0004 

Ix)uyet, first series 1-7437, ± .0003 

Louyet, second series 1. 741 7, dr .0004 

De Luca with Dumas 1.7459, i .001 1 

Moissan T.7427, ± .0004 

General mean 1.7444, ± .00018 

For the ratio between the two sodium salts we have experiments by 

Dumas, Ijouyet, and Moissan. According to Louyet, one gramme of 

NaF gives of Na^SO^ — 

1.686 
1.683 
1.685 

Mean, 1.6847, ± .0006 

The weighings published by Dumas are as follows : 

.777 grm. NaF give 1.312 grm. Na,SO^. Ratio, 1.689 

1.737 ** 2.930 " *' 1.687 

Mean, 1.688, ± .0007 

Moi.ssan says only that five experiments with sodium fluoride gave 
F = 19.04 to 19.08. This was calculated with Na = 23.05 and S = 32.074. 
Hence, reckoning backward, the two values give for the standard ratio — 

1.6889 
1.6873 

Mean, 1. 6881 

Giving this equal weight with Dumas' mean, we have — 

Louyet 1.6847, db .0006 

Dumas . . .* i .688, dz .0007 

Moissan i. 688 1, =b .0007 

General mean i .6867, d= .00038 

Dumas also gives experiments upon potassium fluoride. The quantity 
of sulphate formed from one gramme of fluoride is given in the last 
column : 

'.483 grm. KF give 2.225 C"™* K^SO^. 1.5002 

1.309 ** 1. 961 " 1. 4981 

Mean, 1.499^, =t .0007 

The ratio between barium fluoride and barium sulphate was measured 
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by Louyet and Moissan. According to Louyet, one gramme of BaF, 
gives of BaSO^ — 

1.332 
1.33" 
1.330 

Mean, 1.331, dr .0004 

Moissan, in five experiments, found F= 19.05 to 19.09. Assuming 

that he put Ba = 137, and S = 32.074 as before, these two extremes 

become — 

1.33" 
1.3305 

Mean, 1.3308 

Giving this equal weight with Louyet's mean, we get the subjoined 
combination : 

Lx)uyet 1.331, ±.0004 

Moissan 1 .3308, zb .0004 

General mean 1.3309, zb .cxx)28 

The experiments with lead fluoride are due to Louyet, and a new 
method of treatment was adopted. The salt was fused, powdered, dis- 
solved in nitric acid, and precijntated by dilute sulphuric acid. The 
evaporation of tlie fluid and the ignition of the sulphate was then effected 
without transfer. Five grammes of fluoride were taken in each opera- 
tion, yielding of sulphate: 

6.179 

6.178 

6.178 

Mean, 6.1783, rb .0002 

In Christensen's determinations* we find a method adopted which is 
radically unlike anything in the work of his predecessors. He started 
out with the salt (XH^^MnF^. When this is added to a mixture, in 
solution, of potassium iodide and hydrochloric acid, iodine is set free, 
and may be titrated with sodium thiosuli)hate. One molecule of the 
salt (as written above), liberates one atom of iodine. In four experi- 
ments Christensen obtained the following data: 

3. 1 199 grm. Am.^MnF5 ijave 2.12748 I. 68.191 per cent. 

3.9190 •' 2.67020 " 68.135 ** 

3.5005 " 2.38429** 68.113 " 

1.2727 " .^6779 " 68.185 " 

Mean, 68.156, zb .0128 

* Journ. fur Prakt. Chcra. (2), 35. 541. Christensen assigns to the salt double the formula here 
given. 
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The ratios from which to compute the atomic weight of fluorine are 
now — 

(I.) CaF, : CaSO^ : : i.o.: 1.7444, zh .00018 

(2.) 2NaF : Na^SO^ : : i.o : 1. 6867, ± .00038 

(3.) 2KF : KjSO^ : : I.O : 1. 499 1, tfc .0007 

(4.) BaF, : BaSO^ : : 1.0 : 1.3309, dr .00028 

(5.) PbF, : PbSO^ : : 5.0 : 6.1783, rh .0002 

(6.) AmjMnFj : I : : loo : 68.156, i .0128 

To reduce them we have — 

o = 15.879,^.0003 K = 38.817,^.0051 

S = 31.828, ±z .0015 Ca = 39.764, ± .0045 

N = >3-935i ± .0021 Ba = 136.392, dr .0086 

I = 125.888, zb .0069 Pb — 205.358, =b .0040 

Na= 22.881, d= .0046 Mn = 54.571, di .0013 

And the values derived for fluorine are as follows : 

From (i) f = 18.844, ± .0048 

From (2) " = 18.948, zt .0108 

From (3) '* = 18.877, db .0276 

From (4) •♦ = 18.869, dz .0192 

From (5) •* = 18.997, d= .0047 

From (6) " = 18.853, =b .0073 

General mean V ^= 18.912, db .0029 

If O = 16, F = 19.056. 

In all probability these values for fluorine average a trifle too high. 
It is difficult to be certain that a fluoride has been completely converted 
into sulphate, and an incomplete conversion tends to raise the apparent 
atomic weight of fluorine. This possible source of error exists in all of 
the ratios except the last one, but the fair concordance of the results 
obtained seems to indicate that the uncertainty cannot be very large. 
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MANGANESE. 

The earliest experiments of Berzelius* and of Arfvedson f gave values 
for Mn ranging between 56 and 57, and therefore need no farther con- 
sideration here. The first determinations to be noticed are those of 
Turner J and a later measurement by Berzelius. § who both determined 
gravimetrically the ratio between the chlorides of manganese and silver. 
The manganese chloride was fused in a current of dry hydrochloric acid, 
and afterwards precipitated with a silver solution. I give the MnQ, 
equivalent to 100 parts of AgCl in the third column: 

4.20775 grm. MnCI,= 9.575 grm. AgCI. ^^'^^ 1 R^„clius 

3.063 *' = 6.96912 " 43950^ 

12.47 grains MnCI,= 28.42 grains AgCl. 43.878— Turner. 

Mean, 43-924, ± O'S 

Many years later Dumas || also made the chloride of manganese the 
starting point of some atomic weight determinations. The salt was fuseil 
in a current ot hydrochloric acid, and afterwards titrated with a standard 
solution of silver in the usual way. One hundred parts of Ag are equiva- 
lent to the (luantities of MnCI, given in the third column : 

3.3672 grm. MnCI, = 5.774 grm. Ag. 5^.317 

3.0872 ** 5.293 '* 58.326 

2.9671 " 5.0875 ** 58.321 

1. 1244 *' '.928 " 58.320 

1. 3134 *' 2.251 " 58.321 

Mean, 58.321, dz .001 

An entirely different method of investigation was followed by von 
Hauer •[ who, as in the case of cadmium, ignited the sulphate in a stream 
of sulphuretted hydrogen, and determined the quantity of sulphide thus 
formed. I subjoin his weighings, and also the percentage of MnS m 
MnSO^ as calculated from them : 

4.0626 grm. MnSO^ gave 2.3425 grm. MnS. 57.660 per cent. 

57.613 



4.9367 


tt 


2.8442 


5.2372 


41 


3.0192 


7.0047 


t( 


4.0347 


4.9175 


<t 


2.8297 


4.8546 


4< 


2.7955 


4.9978 


tt 


2.8799 


46737 


tt 


2.6934 


4.7240 


tt 


2.7197 



57.613 " 



i( ft f,foe\. «• 



57.649 
57.600 



57.543 '• 



57.585 •' 






57.585 
57.625 

57.629 

57.572 



Mean, 57.608, ± .008 



♦ PojfKcnd. Annalen. H, 1.S5. 1826. 

t Bcrx. Jahrcsbcricht. 9. 136. 1S29. 

t Trans. Roy. Soc. Rdinb., ii. 143. 1831. 

} Lehrbuch. 5 Aufl.. 3. 1224. 

\ Ann. Chcm. Pharm . 113, 25. i860. 

\ Journ. far Prakt. Chem., 72. 360. 1857. 



This method of von Hauer, which seemed to give good results with 
•.■.■^■liiiium, is, according to Schneider* iimppliciiblo to nianganeae, fortlie 
Tfjuson that the sulphide of the latter metal ia-liable to be contaminated 
^tith traces of oxyaulphide. Such an impurity would bring the atomic 
■weight out too high. The results of two different pruceaaes, one carried 
out by himself and the other in his laboratory by Rawack, are given by 
£chueider in this paper. 

Rawack reduced nianganoso-manganic oxide t« manganoue oxide by 
Sgnitinn in a stream of hydrogen, and weighed the water thus formed. 
Trom his weighings 1 get the values in tlie third column, which repre- 
e^ent the Mn,0, equivalent to one gramme of water; 



[■'49 S""- ^'"lO, gave O,3j0 enn. 11,0. 



4.649 
6.8S65 

7.JS6 
8.9445 



■370 
■54SS 
■5855 
■T3S 
.9225 



12.5636 
H.S57J 



Here the most obvious source of error lies in the possible loss of water. 
Sucli a loss, however, would increase the apparent atomic weight of 
niuiigancse ; but we see that the value found is much lower than that 
obtained either by Dumas or von Hauer. 

Schneider himself effected the combustion of manganous oxalate with 
4jxide of copper. The salt was not absolutely dry, so that it was neces- 
sary to collect both water and carbon dioxide. Then, upon deducting 
the weight of water from that of the original material, the weight of 
anhydrous oxalate was easily ascertained. Subtracting from this the 
CO,, w.e get the weiglit of Mn. If we put CO, = 1(X), the quantities of 
manganese equivalent to it will be found in the last column : 



I 



1.507s Erm, oxal 


ale eav( 


! .306 erm. Fl,0 an< 


< ,7445 C""- 


ro. 


61.3835 


3.253 




■«S5 


■■"35 




6 [.4291 


3-1935 




.652 


'■5745 




6t.4i6J 


S.073 




1.028 


2.507 


M« 


61.3482 
n.6i.3943.± 



Up to this point the data give two distinct values for Mn — one near 
54, the other approximately 55 — and with no sure guide to preference 
between them. The higher value, however, has been confirmetl by later 
testimony. 

In 1883 Dewar and Scott t published the results of their work upon 
silver permanganate. This salt is easily obtained pure by recrystalliza- 
tion, and has the decided advantage of not being hygroscopic. Two sets 
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of experiments were made. First, the silver permanganate was heated 
to redness in a glass bulb, first in air, then in hydrogen. Before weigh- 
ing, the latter gas was replaced by nitrogen. The data are as follows: 

AgMnO^. Ag 4- MnO, Ptr cent, Ag 4- MnO, 

5.8696 4.63212 78.917 

5.4988 4.3359' 78.852 

7.6735 6.05395 78.894 

i3.'oi47 10.31815 78.756 

(9.91065 78.782 

^9.9"435 78.811 

Mean, 78.835. dr .0174 



> 2.5799 



The duplication of the last weighing is not explained. 

In the second scries the permanganate was dissolved in dilute nitric 
acid, rcduce<l by sulphur dioxide, potassium nitrite, or sodium formate, 
and titrated with i)otassium bromide. The AgMnO^ equivalent to 100 
KBr appears in the third column. 



AgMnO^. 


KBr, 


Ratio. 


6.5289 


3-42385 


190.686 


7.5378 


3.9553 


'90.575 


6.1008 


3.20166 


'90.559 


5.74647 


3.00677 


191.117 


6.16593 


3.23602 


190.540 


5.'«329 


2.6828 


190.596 


5-07438 


2.66204 


190.624 


134484 


7.05602 


190.604 


12.5799 


6.60065 


190.588 


12.27025 


6.43808 


190.584 



Mean, 190.647, ■±z .0361 

Vacuum weight^s are given throughout. To the first series of exi)eri- 
ments the authors attach little importance, and numbers 1 and 4 of the 
second series they also regard as questionable. These experiments rep- 
resent the use of sulphur dioxide as the reducing agent, and were attended 
by the formation of an insoluble residue, apparently of a sulphide. Ex- 
cluding them, the remaining eight experiments of the second series give 
in mean — 

KlJr : AgMnO^ : : 100 : 190.584, d= .0062, 

which will be used for the present calculation. Dewar and Scott ab** 
made determinations with manganese chloride and bromide. With the 
first salt thev found Mn r- 54.91, and with the second, Mn = 54.97; but 
they give no details. 

Marignac's work upon the atomic weight of manganese also appeared 
in 1SS3.* He prepared the oxide, MnO, by ignition of the oxalate and 

♦Arch. Sci. Phj'S. et Xat. 13^ 10. 21. 1883. 
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subsquent reduction of the resulting MnjO^ in hydrogen. The oxide, 
with various precautions, was then converted into sulphate. The per- 
centage of MnO in MnSO^ is appended : 

■ 

2.6587 grm. MnO gave 5.6530 MnS04. 47.032 per cent. 

2.5185 ** 5.3600 " 46.987 

2.5992 ** 5-5295 • ** 47.006 

2.8883 ** 6.1450 ** 47002 " 

Mean, 47.007, d= .0025 

J. M. Weeren, in 1890,* published determinations made by two meth- 
ods, the one Marignac's, the other von Hauer's. From manganese sul- 
phate He threw down the hydrated peroxide electrolytically,and the latter 
compound was then reduced in hydrogen which had been proved to be 
free from oxygen. The resulting monoxide was cooled in a stream of 
purified nitrogen. After the oxide had been treated with sulphuric acid, 
converted into sulphate, and weighed, a few drops of sulphuric acid and 
a little sulphurous acid were added to it, after which it was reheated and 
weighed again. This process was repeated until four successive weigh- 
ings absolutely agreed. The results of this set of experiments were as 
follows, with vacuum standards : 



15.2349 grm. 


MnC 


\ gave 32.4142 I 


^nSO^. 


47.005 per cent. 


13.9686 




29.7186 




47.004 




13.7471 




29.2493 




47.000 




15.5222 




33.0246 




47.001 




14.9824 




3'-8755 




47.002 




14.6784 


- 


3«-2304 




47.000 





Mean, 47.002, ± .0006 

Marignac's mean, combined with this, hardly affects either the per- 
centage itself or its probable error. Fortunately, both Marignac and 
Weeren are completely in agreement as to the ratio, and either set of 
measurements would be valid without the other. In order, therefore, to 
give Marignac's work some proper recognition, we can assume a general 
mean of 47.004, ± .0006, without danger of serious error. 

The manganese sulphate produced in the foregoing series of experi- 
ments was used, with many precautions, for the next series carried out 
l>y von Hauer s method. It was transferred to a porcelain boat, dried at 
260® to avojd errors due to retention of water taken up in the process of 
transfer, and then heated to constant weight in a stream of hydrogen 
sulphide. Before weighing, the sulphide was heated to redness in hy- 
drogen and cooled in the same gas. The results, with vacuum weights. 
Were as follows : 



*Atom-Gewichtsbestimmung des Mangans. Inaugural Dissertation. Halle, 1890. 



286 THE ATOMIC WEIGHTS. 

16.0029 gf"™' MnSO^ gave 9.2228 MnS = 57.632 per cent. 

16.3191 , " 9.4^8 " 57.631 

15.9307 " 9.1817 " 57.634 

15.8441 ** 9.I3<5 ** 57.634 

16.2783 " 9.3819 " 57.635 

'7.0874 *' 9.8477 " 57.633 



I 



(I 

<< 



Mean, 57.633, d= .0004 
von Hauer found, 57.608, ± .0080 

Hence the general mean is identical with Weeren's to the third d( 
mal place, which is unaffected by combination with von Hauer's dat 
We have now to consider the following ratios for manganese: 

(i.) 2AgCl : MnClj : : 100 : 41.924, ± .0150 

(2.) 2Ag : MnCI, : : lOO : 58.321, ± .OOIO 

(3.) 11,0 : MhjO^ ; : 100 : 1255.82, rb .34© 

(4. ) 2CO, : Mn : : 100 : 61.3943, ± .0122 

(5.) AgMnO^ : Ag -f MnO : : 100 : 78.835, d= .0174 

(6.) KBr : AgMnO^ : : 100 : 190.584, ± .0062 

(7 ) MnSO^ : MnO : : 100 : 47.004, d= .0006 

(8.) MnSO^ : MnS : : 100 : 57.633, ± .0004 

Computing with the subjoined preliminary data — 

O = 15.879, db .0003 K = 38.817,^1.0051 

Ag= 107.108, dr .0031 C = 11.920, rfc .0004 

CI = 35.i79f ±.0048 S = 31.828,^.0015 

Br = 79.344, ± .0062 AgCl = 142.287, ± .0037 

these ratios reduce as follows : 

First, for the molecular weight of manganese chloride, two values ar 
deducible. 

From (1) MnCl, = 124.996, db .0428 

From (2) '. " = 124.933, ± .0042 

General mean MnCI, = 124.934, dz .0042 

Hence Mn = 54.576, ±: .0075. 

For manganese there are seven independent values, as follows: 

From molecular weight MnCi^ Mn = 54-576, dr .0075 

From (3) •' = 53.667, ± .0203 

From (4) " = 53.6331 ± -0107 

From (5) •' =54.450, ±.15' I 

From (6) '* = 54.572, =b .0173 

From (7) *' = 54.601, ± .0018 

From (8) ** = 54.575. ± -0022 

General mean Mn = 54.571, ±: .0013 

If O = 16, this becomes Mn = 54.987. 

In this case five of the separate values are well in accord, and the re- 
jection of the two aberrant values, which have high probable errors, w 
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3essary. Their influence is imperceptible. Weeren s niarvelously 
dant data seem to receive undue weight, but they are abundantly 
ned by the evidence of other exj)erimenters. In short, the atomic 
: of manganese appears to be quite well determined. 



IRON. 

atomic weight of iron has been mainly determined from the com- 
>n of ferric oxide, with some rather scanty data relative to other 
>unds. 

it of the earlier data relative to the percentage of metal and oxj^gen 
•ic oxide we may reject at once, as set aside by later investigations, 
ig this no longer valuable material there is a series of experiments 
Tzelius, another by Dobereiner, and a third by Capitaine. The 
done by Stromeyer and by Wackenrod^r was probably good, but 

unable to find its details. The former found 30.15 per cent, of 
m in the oxide under consideration, while \Vackenro<ler obtained 
8 ranging from a minimum of 30.01 to a maximum of 30.38 per 

1844 Berzeliusf published two determinations of the ratio in ques- 
He oxidizeil iron by means of nitric and, and weighed the oxide 
formed. He thus found that when = 100 Fe = 350.27 and 
59. 
nee the following percentages of Fe in Fefi^ : 

70.018 
70.022 



Mean, 70.020, d= .0013 

3Ut the same time Svanberg and Norlin J published two elaborate 
of experiments; one relating to the synthesis of ferric oxide, the 
to its reduction. In the first set j)ure j)iano- forte wive was oxidized 

trie acid, and the amount of oxide thus formed was determined. 

•esults were as follows : 

1.5257 grm. Fe gave 2.1803 grm. I'V^O^. 69.977 per ceni. Fe. 

2.4051 *• 3-4390 " 69.936 

2.3212 •* 3.3194 " 69.928 

2.32175 ** 3.3183 " 69.968 

2.2772 " 3.2550 " 69.960 

2.4782 " 3.5418 " 69.970 

2.3582 " 3-3720 *• 69.935 



tt 
1 1 



Mean, 69.9534, ± .0050 



' additional details concerning these earlier papers I must refer to Oudemans* mono- 
pp. 140, 141. 

n. Chcm. Pharm., 30, 432. Berz. Jahresb,, 25, 43, 
'zelius* Jahrcsbericht, 25, 42. 
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In the second series ferric oxide waa reduced by ignition in a cumnt 
of hydrogen, yielding the subjoined percentages of metal : 

2-98353 £""■ f<^A £**■« s.oSi)l5 grm. Fe, 70.0^5 per cent. 

i.4IS'5 ■■ 1.6910 " 70.015 ■■ 

2.99175 " 20945s '■ 70.014 " 

3.5783 ■■ 1-505925 ■' 70-030 ■■ 

4.1912 ■■ 3.9J75 " 70.071 '■ 

3.1015 " 1-17275 " 70-056 " 

2.6886 ■■ 1.88305 ■■ 70.036 " 

Mean, 70.03S4, ± .0055 

It is evident that one or both of these series must be vitiated by con- 
atant errors, and that these probably arise from impurities in the mate- 
rials employed. Impurities in the wire taken for the oxidation seria 
could hardly have been altogether avoided, and in the reduction seria 
it is possible t!iat weighable traces of hydrogen may have been retrfnwl 
by the iron. At all event*, it ia probable that the erroft of both seriw 
aru in contrary directions, and therefore in some measure compensalorj. 
In 1844 tiiere was also published an important paper by Erdnuni 
and Marohand.* These chemists prepared ferric oxide by the ignition 
of pure ferrous oxalate, and submitted it to reduction in a stream of 
hydrogen. Two sets of results were obtained with two different samples 
of ferrous oxalate, prepared by two different methods. For present par- 
pones, however, it is not necessary to discuss these sets separately. Th* 
percentages of iron in FcjO, are as follows; 

70.013 

69.962 

69,979 

70.030 
^_ 69.977 

^^L 70.044 

^^ 

70.055 

Mean. 70.OO94, ± .OoSo 

In IS'oO Maumene'sf results appeared. He di3.«i>lved pure iron wire 
ill aqua regia, precipitated with ammonia, filtered off the preripitelc, 
washed thoroughly, ignited, and weighed, after the usual methmis of 
quantitative analysis. The percentages of Fe in Fe,Oj are given in tlw 
third column: 

1.482 arm. Fc gave 2.117 K-ni. Fe,0, 



1.45» 
I-35SS 



1,94' 



70.005 per CI 
70.0:0 ■■ 
65.990 " 



tOonpt, ltcnd„ Oct. 17, iBjo, 
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Two more results, obtained by Rivot * through the reduction of ferric 
oxide in hydrogen, remain to be noticed. The percentages are : 

69.31 
69.35 

Mean, 69.33, =b .013 

We have thus before us six series of results, which we may now com- 
bine: 

Berzelius 70.020, zt .001 3 

Erdmann and Marchand 70.0094, ±z .ooSo 

Syanberg and Norlin, oxidation 69.9534, ± .0050 

Svanberg and Norlin, reduction 70.0354, ± .o^SS 

Maumeni • 70.0008, d: .0019 

Rivet 69.33, ± .o"3 

General mean 70.0075, ib .0010 

Prom this we get Fe = 55.596. 

Dumas' t results, obtained from the chlorides of iron, are of so little 
wwght that they might safely be omitted from our present discussion. 
For the sake of completeness, however, they must be included. 

Pure ferrous chloride, ignited in a stream of hydrochloric acid gas, 
was dissolved in water and titrated with a silver solution in the usual 
way. One hundred parts of silver are equivalent to the amounts of FeCl, 
given in the third column : 

3.677 grm. FcCl, = 6.238 grm. Ag. 58-945 

3.924 " =6.675 " 58.787 

Mean, 58.866, db .053 

Ferric chloride, titrated in the same way, gave these results : 

1. 179 grm. FeCIj = 2.3475 g™ri. Ag. 50.224 

1.242 ** =2.471 '* 50.263 

Mean, 50.2435, ± .0132 

These give us two additional values for Fe, as follows : 

From FeCI, Fe = 55.742 

From FeCI, '* = 55-907 

A series of determinations of the equivalent of iron, made by students 
"7 measuring the hydroojen evolved when the metal is dissolved in an 
^i, was published by Torrey in 1888. J The data have, of course, slight 

♦Ann. Chem. Pharm., 78, 214. 1851. 
t Ann. Chem. Pharm., 113, 26. i860. 
J Am. Chem. Jour n., 10, 74. 

19 
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value, but may be considered as being in some measure confirmaU 

They are as follows : 

56.40 

55.60 

S5.3» 
55.56 
55.48 

5550 
55.86 
56.06 
56.22 
55.80 

55.78 
55.60 
55.70 
55.94 

Mean, 55.777, db .0532 

These values undoubtedly depend on Regnault's value for the weig 
of hydrogen. Correcting by the later value, as found in the chapter 
this work relating to the density ratio H : 0, the mean becomes Fe 
55.608, ±: .0532. Here the probable error in the weight of the hydrog 
is ignored, as being of no practical significance. 

The four ratios for iron are now as follows : 

(i.) Per cent. Fe in FcjOj, 70.0075, ± .0010 

(2.) Agj : FeCI, : : 100 : 58.866, ± .0530 

(3-) Agj : FeClj : : 100 : 50.2435, ± .0132 

(4.) H : Fe : : I : 55.608, ± .0532 



Reducing these with — 



o = 15.879, ±.0003 

Ag = 107.108, ±: .0031 

CI — 35.179, ±.0048 



we have — 



From (i) Fe = 55.596, ± .0023 

From (2) *' =55.742, ± .1140 

From (3) *' = 55.907, diz .0450 

From (4) ** = 55.608, zt .0532 

General mean Fe = 55.597, rb .0023 

If = 16, then Fe = 56.021. Here all the values are absorbed pra 
tically by the first, the other three having no real significance. 
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NICKEL AND COBALT. 



On account of the close similarity of these metals to each other, their 
Atomic weights, approximately if not actually identical, have received 
of lute years much attention. 

The first determinations, and the only ones up to 1852, were made by 
JtothhoEf,* each with hut a single experiment. For nicke! 188 parte of 
the monoxide were dissolved in hyilnichloric acid; the solution was 
evaporated to dryness, the residue was dissolved in water, and precipi- 
tated by silver nitrate. 718.2 parts of silver chloride were thus formed ; 
whence Ni = 58.613. Tiie same process was applietl also to cobalt, 269.2 
parte of the oside being found equivalent to 1029.9 of AgCl; hence Co = 
68..5&1. These value-! are an nearly equal that tlieir diflerences were 
nalurally ascribablc to experimental errors. They are, however, entitled 
to no special weight at present, since it cannot he certaio from any evi- 
dence recorded that the oxide of either metal was absolutely free Irom 
Iracea of the other. 

In 1852 Krdmami and Marchand f published some results, but with- 
fill details, concerning the atomic weight of nickel. They reduced the 
<ixide by heating in a curreut of hydrogen, and obtained values ranging 
ftotn oS.2 to 5S.6, when = 16. Tlieir results were nut very concordant, 
ftnd the lowest was probably the best. 

In 18.56. incidentally to other work, Deville % found that 100 parts of 
pare metallic nickel yielded 262 of sulphate ; whence Ni = 58.854. 

To none of the foregoing estimations can any importance now be at- 
Iwched. The modern discussion of the atomic weights under considera- 
tion b^an with the researches of Schneider § in 1857. This chemist 
Examined the oxalates of both metsils, determining carbon by the eom- 
liuationof the salts with copper oxide in a stream of dry air. The carbon 
dioxide thus formed was collected as usual in a potash bulb, which, in 
iveighing, was counteri^Mjised by a similar bulb, so as to eliminate errors 
3ub to the hygroscopiccharacter of the glass. The metal in each oxalate 
Was estimated, first by ignition in a stream of dry air, followed by intense 
^eating in hydrogen. Pure nickel or cobalt was left behind in good cou- 
iitiou for weighing. Four analyses of each oxalate were made, with the 
Results given below. The nickel salt contained three molecules of water, 
*ti(i the cobalt salt two molecules : 
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1. 1945 gnn. gave .528 grm. CO,. 44-203 per cent. 

2.5555 ** 1. 12625 " 44-072 •* 

3.199 ** 1.408 ** 44.014 " 

5.020 " 2.214 ** 44.104 •* 

Mean, 44.098, d= .027 

The following percentages of nickel were found in this salt 

29.107 
29.082 
29.066 
29.082 



Mean, 29.084, dt .006 



CoC^O^,2H^O, 

'.6355 gnn« gave .781 grm. CO,. 47-753 P«r cent. 

47.832 " 
47.683 " 
47.722 " 



1. 107 


«( 


.5295 


II 


2.309 


tl 


I.IOI 


II 


3007 


(( 


1.435 


II 



Mean, 477475, ± .0213 



The following were the percentages found for cobalt: 

32.552 
32.619 
32.528 

32.523 

Mean, 32-5555, ± .0149 

In a later paper* Schneider al&o gives some results obtained \ 
nickel oxalate containing but two molecules of water. This gav( 
47.605 per cent, of CO,, and the following percentages of nickel : 

3«.4"5 
3 '4038 



Mean, 31.4076, db .0026 

The conclusion at which Schneider arrived was that the atomic w 
of cobalt and nickel are not identical, being about 60 and 58 respect 
The ])ercentages given above will be discussed at the end of this cl 
in connection with all the other data relative to the constants in 
tion. 

The next chemist to take up the discussion of these atomic ^s 
was Marignac, in 1858.t He worked with the chlorides and sul 

*Pof({l^end. Annalen, 107, 616. 

+ Arch. dc8 Sci. Phys ct Nat. (nouv. scric). i, 37a. 1858. 
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of nickel and cobalt, using various methods, but publishing few details, 
AS he did not consider the determinations final. The sulphates, taken 
as anhydrous, were calcined to oxides. From the ratio NiSO^ : NiO, he 
found Ni = 58.4 to 59.0, and from five measurements of the ratio 
CoSO^ : Ck), CJo = 58.64 to 58.76. If oxygen is taken as 16, these give for 
the percentages of oxide in sulphate : 

CoO in CoSO^. NiO in NiSO^. 

48.267 48.187 

48.307 48.387 



Mean, 48.287, db .0135 Mean, 48.287, d: .0675 

Tl^e chlorides were dried at 100°, but found to retain water; and in 
most cases were then either fused in a stream of chlorine or of dry, 
paseous hydrochloric acid, or else calcined gently with ammonium 
chloride. The determinations were then made by titration with a 
standard solution of silver in nitric acid. Three experiments with an- 
hydrous CoCl, gave Co = 58.72 to 58.84. Three more with CoCl, dried 
at 100° gave Co == 58.84 to 59.02. Three with anhydrous NiCl, gave 
Ni =58.80 to 59.00. If the calculations were made with Ag = 108 and 
CI = 35.5, then these data give as proportional to 100 parts of silver : 

NiCl^, CoCl^, 

60.093 60.056 

60.185 60. Ill 

60. 1 1 1 

Mean, 60.139, d= .0310 60.194 



Mean, 60.118, ± .0192 

In one more experiment NiClj was precipitated with a known quan- 
tity of silver. The filtrate was calcined, yielding NiO ; hence the ratio 
Ag, : NiO, giving Ni = 59.29. This experiment needs no farther atten- 
tion. 

In short, according to Marignac, and contrary to Schneider's views, 
the two atomic weights are approximately the same. Marignac criticises 
Schneider's earlier paper, holding that the nickel oxalate may have con- 
tained some free oxalic acid, and that the cobalt salt was possibly con- 
taminated with carbonate or with basic compounds. In his later papers 
Schneider rejects these suggestions as unfounded, and in turn criticises 
Marignac. The purity of anhydrous NiSO^ is not easy to guarantee, and, 
according to Schneider, the anhydrous chlorides of cobalt and nickel are 
liable to be contaminated with oxides. This is the case even when the 
chlorides are heated in chlorine, unless the gas is carefully freed from 
all traces of air and moisture. 
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Dumas'* determinations of the two atomic weights were made with 
the chlorides of nickel and cobalt. The pure metals were dissolved in 
aqua regia, the solutions were repeatedly evaporated to dryness, and the 
residual chlorides were ignited in dry hydrochloric acid gas. The last 
two estimations in the nickel series were made upon NiCl, formed by 
heating the spongy metal in pure chlorine. In the third column I give 
the NiCl, or CoCl, equivalent to 100 parts of silver : 



.9123 grm. NiClj 


_ 1.515 grm. Ag. 


60.218 


2.295 ** 


3.8115 


(« 


60.212 


3.290 *• 


S.464 


(( 


60.212 


1.830 


3.041 


tt 


60.178 


3.001 


4.987 


t ( 


60.176 




Mean, 60.1992 


2 352 grm. CoCljz 


= 3.9035 t;»'». Ag. 


60.254 


4.210 •* 


6.990 


(( 


60.229 


3.592 


5.960 


(( 


60.268 


2.492 '* 


4. "405 


f ( 


60.186 


4.2295 ** 


7.0255 


<i 


60.202 



Mean, 60.2278, dt .011 

These results give values for Co and Ni differing by less than a tenth 
of a unit ; here, as elsewhere, the figure for Ni being a trifle the lower. 
Combining these data with Marignac's, we have — 

Ag^ : NiCl^ : : TOO : X, 

Marignac 60. 139, zt .0310 

Dumas 60.199, d= .0062 

General mean 60. 194, ± .0061 

Ag^ : CoCl<i : : TOO : X, 

Marignac 60.118, zfc .0192 

Dumas 60 228, di .0110 

General mean 60.200, db .0095 

In 1863 1 the idea that nickel and cobalt have equal atomic weights 
was strengthened by the researches of Russell. He found that the black 
oxide of cobalt, by intense heating in an atmosphere of carbon dioxide, 
became converted into a brown monoxide of constant composition. The 
ordinary oxide of nickel, on the other hand, was shown to be convert- 
ible into a definite monoxide by simple heating over the blast lamp. 
The pure oxides of the two metals, thus obtained, were reduced by 
ignition in hydrogen, and their exact composition thus ascertained. 



•Ann. Chem. Pharm., 113. 25. i860, 
t Journ. Chem. Soc. (2), i, 51. 1863. 
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ral samples of each oxide were taken, yielding the following data, 
separate isamples are indicated by lettering : 



NiO, 




A. 



B. 



Nickel. 

Ni, 

1.6364 
1.6468 
1.5838 

1.7342 
1.7952 
1. 6761 

1. 79"! 
1.6845 

1.9030 

1. 7179 
1.5788 

1.6379 
2.0873 



Cobalt 



Percent, Ni, 

78.597 
78.584 
78.608 

78.581 

78.589 
78.583 
78.616 
78.590 
78.588 
78.590 
78.594 

78.597 
78.588 



Mean, 78.593, ± .0018 



CoO, 


Co, 


Percent, Co 


'2.1211 


1.6670 


78.591 


2.0241 


1.5907 


78.588 


< 2.1226 


1.6673 


78.550 


".9947 


1.5678 


78.598 


. 3.0628 


2.4078 


78.614 


r 2. 1167 


1.6638 


78.603 


•j 1.7717 


1.3924 


78.591 


(1.7852 


1.4030 


78.591 


1 1.6878 
( 2.2076 


1.3264 


78.588 


1.7350 


78.592 


1 2.6851 
(2.1461 


2. 1 104 • 


78.597 


1.6868 


78.598 


( 3.4038 


2.6752 


78.595 


.< 2.2778 


1. 7901 


78.589 


(2.1837 


1. 7163 


78.596 



E. 



Mean, 78.592, ± .0023 

lese percentages are practically identical, and lead to essentially the 
3 mean value for each atomic weight. 

1 a later paper Russell* confirmed the foregoing results by a different 
ess. He dissolved metallic nickel and cobalt in hydrochloric acid 
measured the hydrogen evolved. Thus the ratio between the metal 
the ultimate standard was fixed without the intervention of any 
r element. About two-tenths of a gramme of metal, or less, was 



* Journ. Chera. Soc. (2), 7, 494. 1867. 
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taken in each experiment. The data obtained were as follows ; the 
column giving the weight of hydrogen, computed from its volu 
yielded by 100 parts of cobalt or nickel : 

Nickel, 



, 


m. Ni. 


Vol. H in cc. 


Ratio. 




.0906 


153.62 


3.420 




.1017 


172.32 


3.418 




.1990 


337.06 


3416 


A.^ 


.0997 


168.93 


3.417 




.1891 


319.86 


34" 2 




.1859 


314.7s 


3.415 




1.1838 


3«i.25 


3.416 


r.1892 

B.J .1806 

(^.2026 


3"8.7S 


3.398 


305.28 


3.409 


333.81 


3.404 


c. .1933 


325.93 


3401 


r.1890 


319.77 


3.4»2 


D.J .1942 


328.15 


3.408 


(.1781 


301.09 


3.410 




Mean, 34", 




Coball. 




Jf 7. Co. 


Voi, H in cc. 


Ratio. 


M95S 
.1005 


321.36 


3-395 


312.95 


3.398 


t.aooi 


3»9.63 


3-397 


32S.96 


3.39S 


\.I996 


32S.43 


3403 


B. ^ .2000 


329-55 


3-401 


(.1721 


290.17 


3-40I 


C ! '^^'^ 


30S-9: 


3 4<H 


^^ ( ^«o,5 


• 3«S.6o 


3-405 


J ..^x. 


3«4.73 


3-410 


( «^34 


30540 


3-407 




McM, 3.4017 



d= .001 



-^ .000c 



Tho woiiihl v>f the hydrv^i^^u in the?e determinations was doul 
CvMnputtM trvMn Ut^'^*^^'*^ ^1*^ cvMiceming the density of that gas. 
re^'tin^j by tho now vHlue K^r the weight of a litre of hydrogen, .Oi 
gmuune. the nuivvi Kwme: 

K>^ i>icK<^ ^421 1, rr .0010 

Vv>» v\^tt . 3 41 12, — .0009 



S^>lne t\u\o AT^or the publivn^tiv^u of Rufjsells fir?t paper, but befor 
*(^|H>5ir^nvv o'^ ^hI^ :^Hne other :uT«s$4u!:iitioas were made kn 



mCKEI. AXI) fOISALT. 207 

ese the first was by Sommariiga,* whose results, obtained by novel 
ods, closely confirmed those of Schneider and antagonized those 
auias, Marignac, and Russell, The atomic weight of nickel Som- 
ga deduced from analyses of the nickel potasHJum sulphate, 
;S0j),.6H,0, which, dried at 100°, has a perfectly definite compo- 
. In this salt the sulphuric add was determined in the usual way 
rium sulphate, a process to which there are obvious objections. In 
lird column are given the quantities of the nickel salt proportional 
) parte of BoSO. i 



9798 gnu. giv 


e j.045iE'T'' HaSO,. 




93.653 


0537 


1.1251 




93-654 


0S02 •■ 


1.153s 




93-645 


1865 


1.J669 




93-654 


2,00 


3.4^77 




93649 


2124 


3.4303 




93.648 






Men 


", 93-6505, J^ 



gobalt Sommaruga used the purpureo cobalt chloride of Gibbs 

mth. This salt, dried at 110", is anhydrous and stable. Heated 

\ CoCl, remains. The latter, ignited in hydrogen, yields metallic 

In every experiment the preliminary heating must be carried 



6656 1,™ 


Eav=.is88g 


0918 




9058 


.ai6o 


S!9! 


■ JZSS 


9.67 


■ .»9s; 


S39P 


■ .«78 


5010 


■ .5968 



itiously until ammoniacal fumes no longer appear : 

13. 858 per. 
«.8m '■ 
23. 846 " 
23.813 " 
23-847 " 
23.806 •' 



Mean, 2J.S27, ± .006 

ther along this series will be combined with a similar one by Lee. 
y here be said that Sommaruga's paper was quickly followed by 
cal essay from Schneider.t endorsinp; the fonner's work and object- 
the results of Russell. 

1867 still another new process for the estimation of these atomic 
te was put forward by Winkler, X who determined the amount of 
fhich pure metallic nickel and cobalt could precipitate from » 
il solution of sodio-auric chloride. 

order to obtain pure cobalt Winkler prepared purpureocohalt 
3e, which, having been four or five times recrystallized, was ignited 
Irogen. His nickel was repeatedly purified by precipitation with 
a hypochliirite. From material thus obtained pure nickel chloride 




298 THE ATOMIC WEIGHTS. 

wiis prepared, which, after sublimation in dry chlorine, was also reduced 
by hydrogen. One hundred parts of gold are precipitated by the quinti- 
ties of nickel and cobalt given in the third columns respectively. In the 
cobalt series I include one experiment by Weselsky, which was published 
by him in a paper presently to be cited: 

•4360 grm. nickel precipitated .9648 grm. gold. 45.191 

.4367 ** .9666 . " 45.179 

.5189 " 1.1457 •* 45-291 

.6002 ** 1.3286 ** 45.175 

Mean, 45-209, ± .019 

.5890 grm. cobalt precipitated 1.3045 grm. gold. 45.151 

3H7 " .6981 ** 45.080 

.5829 " 1. 2913 '* 45»4i 

.5111 •* 1.1312 '* 45.182 

.5821 •* 1.2848 ** 45.307 

.559 *' l.24» " 45.044— Weselsky. 



Mean, 45.I5», ±.025 

Weselsky 's paper,* already quoted, relates only to cobalt. He ignited 
the cobalticyanides of ammonium and of phenylammonium in hydrogen, 
and from the determinations of cobalt thus made deduced its atomic 
weight. His results are as follows : 

•7575 C™- (NH^)eCo,Cy,j gave .166 grm. Co. • 21.914 per cent. 
.5>43 " .H3 " 21.972 ** 



Mean, 21.943, dz .029 

.8529 grm. (C,TIgN),Co,Cy„ gave . loio grm. Co. 1 1.842 per cent. 

.6112 ** .0723 *• 11.82^ 

.7140 ** .0850 ** • 11.905 

.9420 ** .1120 ** 11.890 



ii 



Mean, 11.8665, ± .0124 

Next in onler is the work done by Lee t in the laboratory of Wolcott 
Gibbs. liiko \N'eselsky, Lee ignited certain cobalticyanides and also 
niokeloovaniiles in hvdrosren and determineii the residual metal. The 
double cvaniilc:* cliosen were those of strychnia and brucia, salts of very 
high molecular weight, in which the percentages of metal are relatively 
low. A series of experiments with purpureocobalt chloride was also 
carried out. In onler to avoid admixture of carbon in the metallic resi- 
«hit^, tlie salts were tirst igniteti in air. and then in oxygen. Reduction 
by hydrv\i:en u»llowtHl. The Siilts were in each case covere<l by a porous 
septum or»\utluMiware, through which the hydrogen difi^useil, and which 
servtsl tv> prevent llie nuvhanii^^il carrying away of solid |>article8; fur- 

• Brr. vl. IVutsch. Chcm. Gesell., 1, 591. iSfiS. 

♦ Am. JiMirn. Sci. •- ». 44- «*7i- 
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nore, heat was applied from above. The results attained were very 

Factory, and assign to nickel and cobalt atomic weights varying from 
other by about a unit ; Ni being nearly 58, and Co about 59, when 
16. The exact figures will appear later. The cobalt results agree 

irkably well with those of Weselsky. The following are the data 

ined: 

Brucia nickelocyanide, Ni^Cy^J!^C^H^N^0^^H^,10H^0, 

Salt. 

.3966 

.5638 
.4000 

.3»3i 
.4412 

.4346 

Mean, 5.7295, ±.0034 

Strychnia nickelocyanide^ Ni^Cy^JiC^^H^N^0^^H^,8H^0, 

Salt, Ni. Percent. Ni. 

.5358 .0354 6.607 

.5489 .0363 6.613 

.355« .0234 6.589 

.4495 .0297 6.607 

.2530 .0166 6.561 

.1956 .0129 6.595 



Ni. 


Percent. Ni. 


.0227 


5724 


.0323 


5.729 


.0230 


5.750 


.01795 


5.733 


.0252 


5.712 


.0249 


S.729 



Mean, 6.595, db. 005 

Brucia cobalticyanide, Co^OyyJ^C^H^Nfi^^H^.20H^O. 

Salt. Co. Percent. Co.' 

.4097 .0154 3-759 

.395" .0147 3720 

.5456 .0204 3.739 

•4402 .0165 3.748 

•4644 .0174 3.747 

.4027 .0151 3.749 



Mean, 3.7437, ± .0036 

Strychnia cobalticyanide, Co^Oy^^(^C^iH„N^O^\H^.8H^O. 

Salt. Co. Percent. Co. 

•4255 .0195 4.583 

.4025 .0185 4.596 

•3733 .0170 4.554 

.4535 .0207 4.564 

.2753 .0126 4.577 

.1429 .0065 4.549 



Mean, 4.5705, ± .005 
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Purpurechcobalt chloride^ Cb,(JVHi),oC7,. 



Sali. 

.9472 
.8903 

.6084 

.6561 

.6988 

.7010 



Co. 


Percent Co. 


.2233 


23.575 


.2100 


23.587 


.1435 


23.586 


.'547 


23.579 


.1647 


23.569 


.1653 


23.581 



Mean, 23.5795,^.0019 



The last series may be combined with Sommaruga's, thus : 

Sommaruga 23.817, ±: .006 

Lee 23.5795, ±: .0019 

General mean 23.6045, dr .0018 

Baubigny's* determinations of the atomic weight of nickel areliu 
to two experiments upon the calcination of nickel sulphate, and his 
are as follows : 



6.2605 grm. NiSO^ gave 3.0225 NiO. 
4.4935 " 2.1695 



tt 



48.279 per cent. 
48.281 



(C 



Mean, 48.2S0 



Zimmermann's work, published after his death by Kriiss and A 
goff, t was based, like RusselPs, upon the reduction of cobalt and a 
oxides in hydrogen. The materials used were purified with great 
and the results were as follows : 

NickeL 



NiO. 


Ni. 


Percent. Ni. 


6.0041 


4.7179 


78.578 


6.4562 


5.0734 


78.582 


8.5960 


6.7552 


78.585 


4.7206 


3.7096 


78.583 


8.2120 


6.4536 


78.587 


9.1349 


7.1787 


78.585 


10.0156 


7.8702 


78.579 


4.6482 


3.6526 


78.580 


8.9315 


7.0184 


78.580 


10.7144 


8.4196 


78.582 


3.0036 


2.3602 


78.579 
Mean, 78.582, ±.0006 



• Compt. Rend., 97, 951. 1883. 
t Ann. der Chem., 232. 324. 1886. 
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Cobalt 



CoO. 


Co. 


Percent. Co 


6.3947 


5.0284 


78.634 


6.6763 


5.2501 


78.638 


5.6668 


4.4560 


78.633 


2.9977 


2.3573 


78.637 


8.7446 


6.8763 


78.63s 


3.2625 


2.5655 


78.636 


6.3948 


5.0282 


78.630 


8.2156 


6.4606 


78.638 


9.4842 • 


7.4580 


78.636 


9.9998 


7.8630 


78.632 
Mean, 78.635, d 



.0002 

tly after the discovery of nickel carbonyl, NiC^O^, Mond, Langer, 

lincke* made use of it with reference to the atomic weight of 

The latter was purified by distillation as nickel carbonyl, then 

ted into oxide, and that was reduced by hydrogen in the usual 

NiO. Ni, Per cent. Ni. 

.2414 .1896 78.542 

.3«86 .2503 78.562 

.3391 2663 78.531 

Mean, 78.545, ±, .0061 

itzenberger's exp)eriment8,t published in 1892, were al.«?o few in 
r. First, nickel sulphate, dehydrated at 440*^, was calcine^l to 

3.505 gnn. X1SO4 gave ^690 NiO. 48.217 per cent. 

2 6co8 " 1. 2561 ** 48.297 



Mean, 48.257, ^ .027 

•nd, nickel oxide was reduced in hydrogen, a.* follow-; 

I.6S65 gnn. NiO gare 1.3245 Ni. 7^-535 p*'' cent. 

1.2527 *' -9^38 " 78.533 •• 



Mean, 78-534 

)ne exptrrlrr-eril with cobalt oxide. -3.401 {rrm. gave 2.757 Co. or 
per cent. In view of tl/e n.ar.y determiRatioiir or irJ- ratio by 
c^.-a^rven*. trii.-; rinzle fetirnati-jn mav be ne^Iefrte^i. The ext^ri- 
on r.kkel ^'ilr-hate. however, should l^ combir**:'! w;:?. :r.>^ of 
aa.:: and Bau'oi^Tiv. ?iviaz :r-e latter equal wei^-ht with .S::. utzer^- 
*i. lLu5: 
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Marignac 48.287, d= .0675 

Baubigny 48.280, ± .027 

Schutzenberger 48.257, zh .027 

General mean. ..... 48.269, ± .018 



From this point on the determination of these atomic weights is coi 
plicated by the questions raised by Kriiss as to the truly elementa 
character of nickel and cobalt. If that which has been called nicl 
really contains an admixture of some other hitherto unknown eleme 
then all the determinations made so far are worthless, and the inveatij 
tions now to be considered bear directly upon that question. First 
oraer comes Remmler's research upon cobalt.* This chemist, aski 
whether cobalt is homogeneous, prepared cobaltic hydroxide in lai 
quantity, and made a series of successive ammoniacal extracts from 
twenty-five in all. Each extract represented a fraction, from which, 
a long aeries of operations, cobalt monoxide was prepared, and the latl 
was reduced in hydrogen after the manner of Russell. The actual det( 
minations began with the second fraction, and the data are subjoine 
the number of the fraction being given with each experiment: 

CoO. Co. Percent. Co- 

2 09938 .07837 78.859 

3 15021 .11814 78.650 

4 .22062 .17360 78.687 

5 390' ' .30681 78.647 

6 28820 .22661 78.629 

7 34304 .26968 78.615 

8 43703 .34321 78.532 

9 91477 .71864 78.560 

10 63256 •,49661 78.508 

II 32728 .25701 78.529 

12 .38042 .29899 78.595 

13 ^6580 13027 78.S7< 

14 1. 01607 .79873 78.610 

15. "•31635 1.03545 78.661 

16 91945 .72315 78.650 

17 53»oo .'41773 78.668 

18 82381 .64728 78.572 

19 81 139 .63754 78.574 

20 76698 .60292 78.610 

21 ".13693 .89412 78.643 

22 2.00259 i. 57495 78.646 

23 1.04629 .82185 78.549 

24 48954 .38466 78.576 

25 69152 .54326 78.560 

Mean, 78.613, ± .0099 

* 2^it. Anorg. Chem., 2, aai. Also more fully in an Inaugural Dissertation, Hrlangen, 1891- 
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idered with reference to the pu;*po8e of the investigation, this 
ind its probable error have no real significance. But it is very 
the means of other experimenters, and a study of the variations 
nted by the several fractions seems to indicate fortuity rather 
stem. Remmler regards his results as indicating lack of homo- 
in his material ; but it seems more probable that such differences 
: are due to experimental errors and to impurities acquired in the 
ocess of purification to which each fraction was submitted, rather 
' any uncertainty regarding the nature of cobalt itself. For either 
etation the data are inconclusive, and I therefore feel justified in 
y the mean like other means, and in combining it finally with 

1 the same point of view — that is, with reference to the supposed 
;eneity of nickel — Kriiss and Schmidt * carried out a series of frac- 
ans of the metal by distillation in a stream of carbon monoxide, 
oxide, free from obnoxious impurities, was first reduced to metal 
ting in hydrogen, after which the current of carbon monoxide was 
1 to flow. The latter, carrying its small charge of nickel tetra- 
yl was then passed through a Winkler's absorption apparatus con- 
; pure aqua regia, from which, by evaporation, nickel chloride was 
3d, and from that, by reduction in hydrogen, the nickel. Ten 
ractions were successively prepared and studied ; first, by prepa- 
of NiO and its reduction in hydrogen ; and, secondly, in some 
by the reoxidation of the reduced metal, so as to give a synthetic 
or the ratio Ni : O. The data obtained are as follows, the successive 



ns being numbered : 

Reduction of NiO, 



NiO, 


Ni, 


Percent. Ni. 


I. j -3722 
. .747' 


.2926 


78.614 


.5870 


78.571 


2 ( .7659 
'• 1 .7606 


.600SS 


78.450 


.5961 


78.372 


0.0175 


.7984 


78.467 


3. i I. 2631 


.99065 


78.430 


(1.2582 


.9868 


78.429 


4.1 '^'^^ 
i .9200 


.4076 
.7215 


78.490 
78.424 


c f .4052 . 
5- 1 .6518 


.3'79 


78.455 


.5111 


78.4H 


6 i .5623 
1 .5556 


.4399 
.4350 


78.232 
78.294 


( .9831 


.7724 


78.568 


7') .9765 


.7646 


78.300 


C .9639 


.7557 


78.400 



* 2^it. Anorg. Chem., 2, 235. 1892. 
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I. 



389' 



•4538 


7«L«J9 


' .4451 


TM" 


.4438 


78.3a 


.4272 


78.400 


.2491 


78.481 


.2467 


78.367 


.3904 


78-^57 


.3891 


78.432 




Mean, 7a.444* = 


Oxidation of Ni, 




NiO. 


PtrcenL XL 


.7471 


78.571 


.7659 


78.372 


.7606 


78.359 


1.0175 


78.506 


1. 2631 


78.482 


1.2582 


78.429 


.5193 


78.818 


.9200 


78.435 


.4052 


78.825 


.6518 


78.414 


.5623 


78.517 


.5556 


78.294 


.9831 


78.853 


.9765 


78.515 


.9639 


78.41 1 


.5756 


79.135 


.56765 


78.499 


.5663 


78;430 


.5642 


78.394 


.3«74 


79.015 


.3148 


78.367 


.4976 


78.738 


.4961 


78.432 



Mean, 78.557, ± .03»9 



To these data of Kriiss and Schmidt the remarks already made cc 
cerninj; Remmler's work seem also to apply. The variations appear 
bo fortuitous, and not systematic, although the authors seem to thi 
that they indicate a compositeness in that substance which has be 
hitherto regarded as elementary nickel. There is doubtless soraethi 
to be said on both sides of the question ; but if Kriiss and Schmidt f 
right, all previous atomic weight determinations for cobalt and nicl 
are invalidated. In view of all the evidence, therefore, I prefer to rega 
their varying estimations as affecteil by accidental errors, and to tn 
their means like others. On this basis, their work combines with pre 
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I work tu follows, SchuUenbcrger'a measurements o£ the ratio NiO : Ni 
ng asaigneil equal weight witli those of Mond, Jjanger, and Quhicke: 

Russell 78,593, ±.0018 

^L Zimmennann 78.582, ± .oooG 

^M Morel, Linger, and Quincke 7S.545, ± .0061 

^K S»uUenberger 78.534, ± .0061 

^^H JwUss and Schmiill, reductian series 7S.444, d: .01 66 

^^H JUn >nd Schmidt, oiidalion series 7^.557, --t .0319 

^^^ ^^eneral mean 7!i.;70, ±.0006 

In 1889 \Vinkkr *' published a short paper concerning tlie K«ld method 
' determining tlie atomic weights in question, but gave in it no actual 
saaurements. In 1893t he returned to the problem with a new line 

attack, and at the same time he takes occasion to criticise Kritss and 
hmidt somewhat severeiy. He utterly rejects the notion that either 
ckel or cobalt contain any hitherto unknown element, and ascribes the 
culiar results obtained by Kriisa and Schmidt to impurities derived 
»m the glas^ apparatus used in their experinienta. For his own part 
I now workri with pure nickel and cobalt precij)itated electrolytically 
ion platinum, and avoids the use of glass or porcelain vessels so far 

possible. With material thus obtained he operates by two distinct 
it closely related methods, both starting with the metal, nickel or 
bait, converting it next into neutral chloride, and then measuring the 
loridegravimetrically in one process, volumetrically in the other. 
After precipitation in a platinum dish, the nickel or cobalt is washed 
th water, rinsed with alcohol and ether, and then weighed. It is next 
isolved in pure hydrochloric acid, properly diluted, and by evapora- 
■n to dryness and long heating to 150° converted into anhydrous chlo- 
le. The nickel chloride thus obtained dissolves perfectly in water, 
t the cobalt salt always gave a slight residue in which the metal waa 
sctrolytically determined and allowed fur. In the rediasolved chloride, 

precipitation with silver nitrate, silver chloride is obtained, giring a 
rect ratio between that compound and the nickel or cobalt originally 
ken. The gravimetric data are as follows, with the metal equivalent 

100 parts of silver chloride given in a final column : 
Nickel. 
A7. .-l^a. Ralio. 

.JOM i.46ai 20.594 

.2^42 1. 0081 Z0.6O5 

-5160 a.5108 ao.570 

.4879 2.3679 ao.Sos 

.3827 •■8577 20.601 

.J603 1.7517 20.568 

Mean, 20.590, ± .0049 

• Ber. DeiiUch. Cheui. C«eU., a. g^i. iS»9. 
rg. Chera., 4, 10. iSgj. 
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CohnlL 




AgCl, 


Ratio, 


1.6596 


20.836 


1.8105 


20.856 


2.1521 


20.877 


2.1520 


20.85s 


1.3683 


20.873 


1.2768 


20.886 




Mean, 20.864, 



±.0050 



\\\ lUo vt>luiuotrio determinations the neutral chloride, prepared 
tK'U>i\\ >\,is vk\\»uipi>sod by means of a slight excess of potassium ( 
iK'uaUN ,iMd iu iho potassium chloride solution, after removal of 
uivk^l v»i v'ol^aU, tlio chlorine was measured by titration by Volha 
iiuilivsl \\\\\\ X staudanl solution of silver. The amount of silver! 
u .x\l \\iv.> ovMiip.^mUlo with the metal t^ken. 

NickeL 









.6621260 
.6079206 

.7775252 
.8162108 

1.8556645 

.5315040 



Cobalt, 

Ag. 

.6418284 
.9514642 
.8855780 
.6866321 
.9629146 

•9503558 



Ratio, 
27.366 

27.339 
27.382 
27.346 
27.386 
27.338 

Mean, 27.359, ±: .0059 



Ratio. 

27.702 
27.699 
27.679 
27.741 
27.696 

27.73< 



Mean, 27.708, dz .0064 



or 

n 



V\ \w^\ \^ ^^o p%v"tsibility that the cobalt chloride of the foregoin , 
v\vti'Wx::ki»x '»M>;Sv vviaain traces of basic salt, Winkler, in a su]>pleni 
« \ :a\\\^v ;^ r. N^'^.^ v'hcokiMl thcni by another process. To the electrol 
xxW u "i ♦ :^'*<^»u\»u \lish» he added a quantity of neutral silver snip] 
4 .». *1n..' >X'*^xi Hu* odndt gradually went into .solution, and met 
vAv* >K-*^ •. \vi^'. <^^>\l. rho weights were as follows: 



.V 






.91S7 
1. 46*) I 



• *\,« AiutrK:. Chcm., 4. 462. 1S93. 
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Lamination of the silver it was found that traces of cobalt were 
— less than 0.5 mg. in the first determination and less than 0.2 
he second. Taking these amounts as corrections, the two experi- 
ive for the ratios Ag^ : Co : : 100 : x the subjoined values : 

27.706 
27.687 

figures confirm those previously found, and as they fall within 
ts of the preceding series, they may fairly be included in it, when 
i values give a mean of 27.705, zfc .0050. 

mother method, radically different from all of the foregoing pro- 
iras adopted by Winkler in 1894.* The metals were thrown down 
(^tically upon platinum, and so weighed. Then they were treated 
known excess of a decinormal solution of iodine in potassium 
i\'hich redissolved them as iodides. The excess of free iodine was 
termined by titration with sodium tliiosulphate, and in that way 
ct ratio between metal and haloid was ascertained. The results 
follows, with the metel proportional to 100 parts of iodine given 
bird column: 

Cobalt, 



nes . . 



senes , 




WLL 

2.128837 
2.166750 

2.254335 
2.908399 

2.861617 

2.209694 
2.246037 
2.268736 



Ratio. 

23.482 

23.463 
23.466 

23.456 
23.466 

23.465 
23.450 
23.445 









Mean, 23.462, 




NickeL 




WL NL 


IVt. I. 


Ratio. 




'.5144 


2.217494 


23.251 




•4983 


2. 148502 


23.246 


ies. . .. -< 


.5265 


2.268742 


23.260 




.6889 


2.970709 


23.243 




l .6876 . 


2.965918 


23.237 


r.5120 


2.205627 


23.267 


series. . ^ .5200 


2.240107 


23.267 


1 


L.5246 


2.259925 


23.267 



.0027 



Mean, 23.255, rt .0091 

lese experiments, as well as in some previous series, a possible 
>f error is to be considered in the occlusion of hydrogen by the 



• Zeitsch. Anorg. Chera., 8, i. 1894.^ 
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11MUU5. Acvx^rJung^ly, in a supplementary paper, Winkler* gives 
r^jbuits^ v.»t ^tti« check experiments made with iron, which, however, 
\i%)it abtjoiucuiv pare. The conclusion is that the error, if existent, i 
Ik? \t?ry siuiilL. 

Ill lSyi> fcl^Mupel and Thiele's work on cobalt appeared. f First, cc 
oxkUu :»w^»iir^i tn>m carefully purified materials, was re<luced in hy 
i^%>u. l*ho >(rT?i^ic? of metal and oxygen are subjoined, with the pen 
.v^v ^»k \.vl><il5 ill the oxide deduced from them : 



C"i». 


a 


Percentage. 


..<^oo6S 


.24429 


78.664 


>>«59 


.21445 


78.686 


.51558 


.35716 


78.648 



Mean, 78.666, ± .0074 

Thi* ui^Miti vvmbines with former means as follows : 

K\»«n 78.592, dr .0023 

.^ttttuerroann 78.635, ± .0002 

R^wmler 78.613, db .0099 

t(^«D(<l and Thiele 78.666, ± .0074 

General mean 78.633, ± .0002 

\\\ their m»xt series of experiments, excluding a rejected series, Hei 
;iud rhiv^lv wxMjfheil cobalt, converted it into anhydrous chloride, 
iu»iuU the >tHiu in weight. In four of the experiments the chloride 
:iltvrwiu\U dissolveil, precipitated with silver nitrate, and then the s 
chloiidv VI AH woighed. The data are as follows : 

Ci\ CI Taken Up. AgCl. 



»^>lo 




.5453 




..U38 




.3793 




-W9 




.3562 


'.4340 


.4t»9> 




.5657 


2.2812 


.5818 




.7026 


2.8303 


»57<^3 




.6947 




.5096 




.6142 


2.4813 


h^ivm Uu^o weights we 


( get tw 


ratios, 


thus : 


C/, \ Co-. 100 


: X. 




2AgCl : Co : '. 100 : .r. 


82.929 






- 20.565 


82.731 






20.564 


82.791 






20.556 


82.924 






20.538 


82.807 










82.957 






Mean, 20.556, -^ .0043 


82.970 


t .0241 






Mean, 82.873, : 





•Zeitsch. Anorg. Chcm., 8, 291. 1S95. 
fZcitsch. Anorg. Chem., 11. 73. 
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The second of these ratios was also studied by Winkler, and the two 
series combine as follows : 

Winkler 20.864, ±: .0050 

Hempel and Thiele 20.556, ± .0043 

General mean 20.687, ± .0033 

Hempel and Thiele apply to it a correction for silver chloride retained 
in solution, but its amount is small and nbt altogether certain. For 
present purposes the correction may be neglected. 

For the atomic weight of nickel we now have ratios as follows : 

(I.) Per cent, of Ni in NiC,04.3H,0, 29.084, di .006 
(2.) Per cent, of COj from NiC,04.2H,0, 44.098, ± .027 
(3.) Per cent, of Ni in NiC,04.2HjO, 31.408, ± .0026 
(4.) Per cent, of CO, from NiC,0^.2H,0, 47605, 4= .053 
(5.) Per cent, of Ni in brucia nickelocyanide, 5.7295, ± .0034 
(6.) Per cent, of Ni in strychnia nickelocyanide, 6.595, ± .005 
(7.) Per cent, of NiO in NiSO^, 48.269, di .018 
(8.) Per cent, of Ni in NiO, 78.570, ± .0006 
(9.) Ag, : NiCl, : : lOO : 60.194, ± .0061 

(10.) 2AgCl : Ni : : lOO : 20.590, ± .0049 

(II.) Ag, : Ni : : 100 : 27.359, ± .0059 

(12.) Au, : Ni, : : 100 : 45.209, ± .019 

(13.) BaSO^ : K,Ni(SOJ,.6H,0 : : 100 : 93.6505, d= .oei 

(14.) Ni : H, : : 100 : 3.421 1, ± .001 

(15.) I, : Ni ; : 100 : 23.255, ± .0091 

■To the reduction of these ratios the following atomic and molecular 
weights are applicable : 

O = 15.879, ± .0003 I = 125.888, =b .0069 

C = 11.920,^1.0004 K = 38.8x7,^1.0051 

N = 13.935, d= .0021 Ba = 136.392, =fc .0086 

S =31.828,^1.0035 Au = 195.743, ± .0049 

Ag = 107.108, zt .0031 AgCl = 142.287, ih .0037 
CI = 35. '79, ±.0048 

Since the proportion of water in the oxalates is not an absolutely cer- 
tain quantity, the data concerning them can be best handled by employ- 
ing the ratios between carbon dioxide and the metal. Accordingly, ratios 
(1) and (2) give a single value for Ni, and ratios (3) and (4) another. In 
all, there are thirteen values for the atomic weight in question : 

From (I) and (2) Ni = 57.614, ±.0372 

Fr6m(5) "=57.625,^3.0343 

From (3) and (4) " = 57-635, ^ .0644 

From (6) •* = 57.687, ±: .0439 

From (8) ** = 58-218, dz .0020 

From (7) " = 58.268, ± .0428 

From (13) " = 58.448, dtz .0206 
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From (14) Ni = 58.456, di .0316 

From (15) ** =58.551, ±.0231 

l*rom (9) *' = 58.587, ± .0179 

From (lO) " = 58.594, rh .0141 

From(li) ** =58.607, ±.0128 

From (1 2) , " =58994,^1.0248 

General mean Ni = 58. 243, rfc ^0019 

If O -~- IG. this becomes Ni = 58.687. 

U 18 quite evident here that ratio (8), which includes the marv( 
ConoonlaiU deterniinations of Zimmermann, far outweighs all th' 
data. Whether so excessive a weight can justifiably be assigned 
H^% of uieiisurenients is questionable, but the general mean thus r 
U not far fivm midway between the highest and lowest of the valu 
heiu^e it nuvy fairly be entitled to provisional acceptance. No one 
iiuUviduul values rests upon absolutely conclusive evidence, so t 
KHW ettii be arbitmrily chosen to the exclusion of the others. P 
iuviwtigation is evidently necessary. 

Kor cobalt we have sixteen ratios, as follows : 

(i.) Per cent, of Co in CoCjO^. 2 11,0, 32.5555, ± .0149 

(2.) Ter cent, of CO, from CoCfi^.2Hfi, 47.7475, ± .0213 

(3, ) IVr cent, of Co in CoO, 78.633, ± .0002 

(4.) Per cent, of Co in purpureocobalt chloride, 23.6045, rt .0018 

(5.) l*er cent, of Co in phenylammonium cobaliicyanide, 11.8665, ± -Ol 

(0.) Per cent, of Co in ammonium cobalticyanide, 21.943, db .029 

(7,) Per cent, of Co in brucia cobalticyanide, 3.7437, rh .0036 

(H.) IVr cent, of Co in strychnia cobalticyanide, 4.5705, i .005 

(^.) IVr cent, of CoO in CoSO^, 48.287, ±. .0135 

(lO.) A|:, : CoCl, : : 100 : 60.200, dr .0095 

(n.) iAjjCl : Co : : 100 : 20.687, ± .oo33 

(li.) Au, J Co : : 100 : 27.705, db .0050 

(\^.) Au, J Coj : : 100 : 45.«5>, ± 025 

( 14. ) Co J U, : : 100 : 3.41 10, d= .0009 

[\^^ 1, ! <►'« : : 100 : 23.462, ifc .0027 

(10,) CI, J Co : : 100 : 82.873, ± .0241 

KlHMU \\\K^%\ uning the atomic weights already cited under nick 
ooud»lulug ratios (1) and (2J, we get— 

V\M\\\ (i6) Co = 58.308, rt. .0187 

V\xm {i)) *' =■ 58.321, r+= .0288 

Fiom (3) •' ^ 58.437, =t •ooi4 

|«iom(io) "=^58.600,4^.0228 

horn (U) " = 58.630, dz.0286 

Fiom(5) " ^58.639, d= .0619 

hiom {^) '' = 58.696, ± .0642 

horn (CO •' ^ 58.736, db .0808 

Kiom (4) " --58.774, :t. 0071 

htuu (7) " -- 58.791, ± .0566 
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From (I i) Co == 58.870, d= .0094 

From (13) " = 58.920, ± .0327 

From (15) ** = 59.072, ± .0075 

From (12) ** = 59.349, =fc .0108 

From (i) and (2) ** = 59.562, ± .0382 

General mean Co = 58.487, dz .0013 

If = 16, this becomes Co = 58.932. 

Here again the oxide ratio, because of Zimmermann's work, receives 
excessive and undue weight. The aritlimetical mean of the fifteen values 
is Co = 58.781. Between this and the weighted general mean the truth 
probably lies, but the evidence is incomplete, and more determinations 
are needed. 



RUTHENIUM. 

The atomic weight of this metal has been determined by Glaus and 
by Joly: Although Glaus* employed several methods, we need only 
consider his analyses of potassium rutheniochloride, K^RuCls. The salt 
was dried by heating to 200° in chlorine gas, but even then retained a 
trace of water. The percentage results of the analyses are as follows : 



28.96 
28.48 
28.91 


2J^CL 

40.80 

41.39 
41.08 


Civ 

30.24 
30.22 
30.04 


Mean, 28.78 


41.09 


30.17 



Reckoning directly from the percentages, we get the following dis- 
cordant values for Ru : 

From percentage of metal Ru = 102.45 ' 

From percentage of KCl ** = 106.778 

From percentage of Clj *' = 96.269 

These results are obviously of little importance, especially since the 
best of them is not in accord with the position of ruthenium in the 
periodic system. The work of Joly is more satisfactory.! Several com- 
pounds of ruthenium were analyzed by reduction in a stream of hy- 
drogen with the following results : 

* Journ. fOr Prakt. Chem., 34, 435. 1845. 
fCompt. Rend., 108, 946. 
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First, reduction of RuO, : 

RuO^ Ru, Per cent, Ru. 

a. 1387 1.6267 76.060 

2.5846 1.9658 76.058 

2.368a 1. 8016 76.075 

a.8849 2.1939 76.046 

Mean, 76.060, d: .oo« 

Second, reduction of the salt RuCl,.NO.H,0 : 

Per cent, Ru, 

39.78 
39.66 

Mean, 39.72, dr. 0405 

Third, reduction of RuCl,.N0.2NH,Cl : 

Percent, Ru, 

29.44 
29.47 

Mean, 29.455, db .oioi 

(^nnputinj? with = 15.879, ± .0003 ; N = 13.935, ± .0021, an 
85.179, ± .(.K)48, these data give three values for ruthenium, as f 

I. From RuO, Ru = 100.922, d= .0178 

a. From RuCl,.NO.H,0 •* = 100.967, dr • 1 102 

3. From RuCl,.N0.2Ama " = 100.868, dz .0387 

General mean Ru = 100.913, dz .0160 

IfO- l(i, Ru- 101.682. 
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RHODIUM. 

Berzelius* detennined the atomic weight of this metal by the analysis 
of sodium and potassium rhodiochlorides, Na,RhCl«, and K^RhClj. The 
latter salt was dried by heating in chlorine. The compounds were ana- 
lyzed by reduction in hydrogen, after the usual manner. Reduced to 
percentages, the analyses are as follows : 

In Xa^Rha^. 

26.959 45.853 27.189 
27.229 45-301 27.470 
27.616 

Mean, 27.094 Mean, 45-577 Mean, 27.425 

In K^RhGy 

Rk. 2KCI. a,. 

28.989 41.450 29.561 

Prom the analyses of the sodium salt we get the following values for 
Rh: 

From per cent of metal Rh = 104. 191 

From per cent of NaCl " = 102.449 

From per cent, of CI, " = 105. 103 

From ratio between CI, and Rh *< = 104.263 

From ratio between NaQ and Rh *' = 103.544 

These are discordant figures ; but the last one fits in fairh' well with 
the values calculated from the potassium compound, which are as 
follows : 

From per cent, of metal Rh = 103.499 

From per cent of KCl " = 103.648 

From per cent of CI, ** = 103.485 

From Rh : CI, ratio ** = 103.495 

From Rh : KQ ratio " = 103.540 



Mean Rh = 103.533 

If = 16, this becomes Rh = 104.323. 

Jorgensen's determination,t so far as I can ascertain, was published 
only as a preliminary note, to the effect that the atomic weight of rho- 
dium is 103, nearly. No details are given. 

* Poggend. Annalen, 13, 435. 1828. 
t Journ. fflr Prakt. Chem. (2), 27, 486. 



314 THE ATOMIC WEIGHTS. 

Seubert and Kobbe * determine the atomic weight by igniting rhodium 
pentamine chloride in hydrogen, and weighing the residual metal. Their 
results are given below : 

/eh{N//i)^Cly Rh, Per cent, Rh, 

1.8585 .6496 34.953 

1.55^ .5435 34.929 

1.5202 .5310 34.930 

2.01 1 1 .7031 34.961 

1.8674 .6528 34.958 

2.4347 .8513 34965 

2.3849 .8338 34.962 

2.5393 .8881 34.974 

1.4080 .4920 34.943 

1.4654 .5*23 34.960 

Mean, 34-954, ± 0032 

In the sixth experiment the ammonium chloride formed was collected 
in a bulb tube, and estimated by weighing as silver chloride. 3.5531 
grms. of AgCl were obtained. 

Computing with N =13.935, ±l .0021 ; CI =35.179, zb .0048, and AgCl= 
142.287, ±i .0037, we have— 

From per cent, of metal Rh = 102.215, db .0143 

From AgCl ratio ** = 102.287, it .0324 

General mean Rh = 102.227, ± .0131 

If = 16, Rh = 103.006. 

In the second of these values the probable error given is only that due 
to the antecedent atomic weights of N, CI, and AgCl. It is therefore 
lo\<'er than it should be. The two values, however, are fairly in agree- 
ment, and the result is satisfactory. 

• Ann. d. Chem., 360, 318. 1890. 
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PALLADIUM. 

The first work upon the atomic weight of palladium seems to have 
been done by Berzelius. In an early paper * he states that 100 parts of 
the metal united with 28.15 of sulphur. Hence Pd = 113.06, a result 
wlich is clearly of no present value. 

In a later paper f Berzelius published two analyses of potassium pal- 
ladiochloride, K^PdCl^. The salt was decomposed by ignition in hydro- 
gen, as was the case with the double chlorides of potassium with platinum, 
osmium, and iridium. Reducing his results to percentages, we get the 
following composition for the substance in question : 

Pd, 2KCL a^. 

32.726 46.044 21.229 

32.655 45-74' 21.604 

Mean, 32.690 Mean, 45.892 Mean, 21.416 

From these percentages, calculating directly, very discordant results 
are obtained : 

From percentage of metal Pd = 106.53 

From percentage of KCI '* == 104. 13 

From percentage of Clj (loss) ** = 1 10.20 

Obviously, the only way to get satisfactory figures is to calculate from 
the ratio between the Pd and 2KC1, eliminating thus the influence of 
water in the salt. The two experiments give, as proportional to 100 
parts of KCI, the following of Pd : 

71.075 

71.39' 

Mean, 71.233, ±.1066 

Hence Pd = 105.419. 

In 1847 Quintus Icilius % published a determination, which need be 
given only for the sake of completeness. He ignited potassium palladio- 
chloride in hydrogen, and found the following amounts of residue. His 
Weights are here recalculated into percentages : 

64.708 
64.965 
64.781 

Mean, 64.818 

Prom this mean, Pd = 111.258. This result has no present value. 

^VoggtnA. Annalen, 8, 177. i8a6. 
t Ajggend. Annalen, 13. 454. 1828. 

t**I>ie Atomgewichte vom Pd, K, CI, Ag, C, und H, nach der Metbode der kleinsten Quadrate 
berechnet." Inaug. Diss. Gdttingen, 1847. Contains no other original analyses. 
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In 1889 Keiser's first determinations of this constant appeared * Fii 
ing the potassium palladiochloride to contain " water of decrepitatioi 
he abandoned its use, and resorted to palladiammonium chlorii 
PdCNHjCl),, as the most available compound for his purpose. T 
salt, heated in hydrogen, yields spongy palladium, which was alloii 
to cool in a current of dry air, in order to avoid gaseous occlusions. 1 
salt itself was dried, previous to analysis, first over sulphuric acid; a 
then in an air bath at a temperature from 120° to 130°. Two series 
experiments were made, the second series starting out from palladii 
produced by the first series. The data are as follows : 





First Series, 




Pd{NH,a),. 


• Pd. 


Per cent. Pd. 


.83260 


.41965 


50.402 


1.72635 


.86992 


50.391 


1.40280 


.70670 


50.378 


«. 57940 


.79562 


50.375 


1.89895 


.95650 


50.370 


1.48065 


•74570 


50.363 


I. 56015 


.78585 


50370 


1.82658 


.92003 


50.369 


2.40125 


1.20970 


50.378 


1. 10400 


.55629 


50.389 


.933<o 


.47010 


50.380 



Mean, 50.379, d: .0008 



Reduced to vacuum this becomes 50.360. 





Second Series, 






i{NH^Cl)^. 


Pd. 


Per cent, Pd. 


2.61841 


1. 31900 




50.374 


2.23420 


1.12561 




50.381 


1.73553 


.87445 




50.385 


1. 69160 


.85210 




50.372 


1.72403 


.86825 




50.362 


1. 1 2222 


.56535 




50.378 


I. 17457 


.59200 




50.401 


2.42760 


1.22280 


Mean 


50.371 




, 50.378, db .0028 




Reduced to 


vacuum, 


r 50.359 



The reductions to vacuum are neglected by Reiser himself, but are 
added in order to secure uniformity with later results by the same aul 
The mean of both series, thus corrected, gives Pd = 105.74. 

Bailey and Lamb f made experiments upon several compounds of 
ladium, but finally settled upon palladiammonium chloride, like K< 

♦Am. Chem. Journ., ii. 398. 1889. 
t Journ. Chem. Soc., 61, 745. 189a. 
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preliminary experiments, however, with potassium palladiochloride 
ven, in which the salt was reduced in hydrogen, and both Pd and 
ivere weighed. The data are as follows, with the ratio (calculated 
th Berzelius' experiments) given in a third column : 



2KCL 

1.49767 
.90484 



Pd, 

1.05627 

.63738 



Ratio, 
70.528 
70.441 



Mean, 70.485, ± .0290 



(uce Pd = 104.312. 

e palladiammonium chloride was studied by two methods. First, 
led quantities of the salt were reduced in hydrogen, the ammonium 
ide so formed was collected in an absorption apparatus, and then 
pitated with silver nitrate. The weights found were as follows, with 
MCNHjCl), proportional to 100 parts of silver chloride given in the 
. column : 



.NH^a\. 


AgCL 


Ratio, 


1.24276 


1.682249 


73.879 


1.08722 


1.468448 


74.040 


1.47666 


2.000164 


73.828 


1.34887 


1.837957 


73.390 


'.74569 


2.362320 


73.898 
Mean, 73.807, 



± .0742 



ence Pd = 105.808. Bailey and I^mb regard this as too high, and 
ect loss of NH^Cl during the operation. 

le second series of data resemble Reiser's. The salt was reduced in 
rogen, and the spongy palladium was weighed in a Sprengel vacuum, 
data are as follows : 



■ { ;: 



B. 



890597 
874175 
r 1.307076 
I 1.340045 

1 I 905536 



.685582 

I. 69 1028 

Cj 2. 1 1 2530 

2. 1 10653 

1. 969100 



Pd. 

.947995 
.940271 

.654687 
.633207 

.955950 
.846472 

.849120 
1.059690 
1.057910 

.988155 



Percent, Pd, 

50. '43 
50.170 

50.088 
50.238 
50.167 
50.218 

50.213 
50.162 
50.122 
50.184 



Mean, 50.171, r= .0099 



ence Pd = 104.943. Bailey and Lamb's weighings are all reduced 
vacuum. 
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Keller and Smith,* reviewlnji Keiaer's work, 
tnoitium chloride, prepared as Keieer prepareil it, may retain I 
foreign raetals, and eepecially of copper. Accordingly, they pre 
quantity of the Bait, after a thorough and elaborate process of poi 
tion, drie<l it with extreme care, and then determined the palladium Ifl 
electrolysis in silver-coated platinum dishes. The precipitated palladinB 
was dried under varying conditiona, concerning which the original it 
moir must be consulted, and was proved to be free from occluded hydw 
gen. By this method two Hete of experiments were made to delanuHa 
the atomic weight of palladium ; but for present purposes the twu tuijM 
fairly be treated as one. The data obtained are as follows, but tbt'f 
weights do not appear to have been reduced to a vacuum: 
Pd[NH,a\. 

(■1.^9960 
A. . 1.054J0 

{. 1.92945 

[-1.94722 

1. 28413 
1.6827s 
i.69"3 



Hence I'd -^ 10(}.36S, a result notably higher than Keiser'i 
Keller and Smith account for the difference between theii 
tions and Keiser's partly by the assumption that the materials used lij 
the laiter were not pure, and partly by considerations based on the pro- 
cess. In order to clarify the latter part of the question they made thne 
setJi of experiments by Keiser's method, slightly varying the conditiou. 
First, the chloride was not pulverized before ignition, and slight decre]»- 
tation took pUice, while dark stains of palladium appeared in the reduc- 
tion tube, indicating loss by voUtilizaiion. Secondly, the chloride mt 
prepared from crude palladium exactly as described by Keiser, but wu 
pulverized before reduction. No decrepitation ensued, but tracea of p»l- 
ladium were volatilized. The third series, also on finely pulveriied 
material, was like the second ; but the pallndianimouium chloride wid 
purified by Keller and Smith's process. The three series, here tjretttlj 
as one, are as follows : 



Fd. 


Per cent Pd. 


6S630 




50.504 


.S3IS3 




50.510 


974S5 




50509 


9S343 




50.504 


54870 




50.50^ 


64858 




50.503 


850:0 




50.519 


85431 




50. 5 '7 


grjio 




50.502 




Mean 


50. SOS, ± 



I 





m-^-M,ci),- 


Pit. 


Pera-nt. PH. 




f ■ 6=955 


-3 '743 


50.422 


First seri 


»....J -"^7° 


.3894J 


50.397 




1 .8J3S» 


.41918 


50-350 




L -99055 


■49895 


50.371 
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Second series.. •< 



Third series. . . 



1.02175 

1. 10325 

.66690 

.86840 

1.41430 

^1.15234 

.96229 

, .97804 

1 .94253 
L .86090 



Pd. 

.51468 
.55590 

.33590 

.43733 
.71255 

.58050 
.48502 
.49294 
.47517 
.43405 



Percent, Pd, 

50.372 
50.388 

50.367 
50.360 

50.382 

50.376 

50.403 
50.401 

^50.414 
' 50.430 



Mean, 50.388, ± .0043 



The three series seem to be fairly in agreement between themselves, 
and with Reiser's work, but diverge seriously from the electrolytic data. 

Keller and Smith also attempted to determine the atomic weight of 
palladium by heating the palladiammonium chloride in sulphuretted 
hydrogen, and so converting it into the sulphide, PdS. These data were 
obtained : 



Pd{NH^Cl)^ 

.71699 
1. 31688 



PdS, 

.47066 

.86445 



Percent, CdS, 

65.644 
65.659 



Mean, 65.651, rfc .0051 



Hence Pd = 106.55. This result, however, is affected by the work of 
Petrenko-Kritschenko,* who has shown the existence of the sulphide 
fdS to be uncertain. 

Joly and Leidi6,t in their determinations of this atomic weight, re- 
turned to the potassium palladiochloride, K^PdCl^. In their first series 
of experiments the salt was dried in vacuo at ordinary temperatures. It 
^as then electrolyzed in a solution acidulated with hydrochloric acid, 
loth the deposited palladium and the potassium chloride being weighed. 
The palladium was dried, ignited in a stream of hydrogen, and cooled in 
an atmosphere of carbon dioxide. The results were as follows, with the 
column added by me giving the Pd equivalent to 100 parts of KCl : 

K^PdCl^, Pd, 2KCI, • Ratio. 

1.0255 .3919 .5520 70.996 

1.2178 .3937 555' 70924 

I. 2518 .4048 .5687 71.016 

Mean, 70.979, ±. .0188 

This series was rejected by the authors, because the salt was found to 
contain water — in one case 0.23 per cent. This error, however, should 



•Zeit. Anorg. Chem., 4, 251. 1893. 
tCompt. Rend., 116, 147. 1893. 



K^PdCl,, 


Pd, 


2KCL 


1.3635 


.4422 


.6186 


3.0628 


.9944 


1.3929 


1.4845 


.4816 


.6782 


1.7995 


.5838 


.8206 
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not invalidate the Pd : KCl ratio. In a second series the palladiochlo- 
ride was dried in vacuo at 100°, giving the following data: 

Ratio. 

71.484 

7«.39i 
71.011 

71.143 
Mean, 71.257, ±.0736 

These experiments seem to be less concordant than the preceding mL 
It must be noted, however, that the authors reject the KCl determint- 
tions and compute directly from the ratio between the salt and the metal 
But the ratio here chosen agrees best with the determinations made bj 
other observers, giving for this series the mean value Pd = 105.455, and 
is, moreover, uniform with the data given by Berzelius and by Bailey 
and Lamb. 

Joly and Leidie also give two experiments made by reducing the 
KjPdCl^ in hydrogen, with the subjoined results : 



C^PdCl,, 


Pd. 


2KCL 


Ratio, 


2.4481 


.7949 


1. 1 168 


7i.'77 


1.8250 


•5930 


.8360 


70933 



Mean, 71.055, ±.0823 

Combining these data with previous series, we have — 

Berzelius 71.233, ± .1066 

Bailey and Lamb 70.485, ± .0290 

Joly and Leidi6, first 70.979, db .0188 

Joly and Leidi6, second 71.257, Jb .0736 

Joly and Leidi6, third 7'.055, zfc .0823 

General mean 70.865, ± .0150 

In view of the discordance among the determinations hitherto cited 
and because of the criticisms made by Keller and Smith, Keiser, jointly 
with Miss Mary B^ Breed,* repeated his former work, with some varia- 
tions and added precautions to ensure accuracy. His general method 
was the same as before, namely, the reduction of palladiammonium 
chloride by a stream of hydrogen. First, palladium was purified by 
distillation as PdClj at low red heat in a current of chlorine. Fromthw 
chloride the palladiammonium salt was then prepared. Upon heating 
the compound gently in a stream of h^^drogen, decomposition ensued 
absolutely without decrepitation or loss of palladium by volatilization. 
Neither source of error existed. The results obtained were these: 

♦Am. Chera. Journ., 16, 20. 1894. 
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t 


[NH,C[)r 


Pd. 


Percent, Pd, 


1.60842 


.80997 


50.358 


2.08295 


1.04920 


50.371 


2.02440 


1.01975 


50.373 


2.54810 


1.28360 


50.375 


1.75505 


.884ro 


50.375 




Mean, 50.370, d= .0023 




Reduced to 


vacuum, 50.351 
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a second series of experiments, palladium was purified as in the 
jr investigation, but with special care to eliminate rhodium, iron, 
er, gold, mercury, etc. The palladiammonium salt prepared from 
naterial gave as follows : 



Pd{NH^Cr)r 


Pd, 


Percent. Pd, 


1.50275 


.75685 




50.364 


1.23672 


.62286 




50.365 


1.34470 


.67739 




50.375 


'.49059 


.75095 


Mean, 


50.379 




50.371, 4r .0026 




Reduced to 


vacuum, 


50.352 



tre, again, no loss, from decrepitation or volatilization occurred, 
ugh evidence of such loss was carefully sought for. The data thus 
ned may now be combined with the previous series, thus : 

Keiser, first series 50.360, dr .0008 

Keiser, second series 50.359, db .0028 

Bailey and Lamb 50.171, ib .0099 

Keller and Smith, electrolytic 50.508, rb .0014 

Keller and Smith, hydrogen series 50.388, ± .0043 

Keiser and Breed, first series 50.351, d= .0023 

Keiser and Breed, second series 50.352, d= .0026 

General mean 50.388, rh .00062 

r palladium, ignoring the work of Quintus Icilius, the subjoined 
5 are now available : 

(I.) 2KCI : Pd : : 100 : 70.865, d: .0150 
(2.) Per cent. Pd in PdlNHsCl)^, 50.388, dz .00062 
(3.) 2AgCl : Pd(NH3CI)2 : : 100 : 73.807, ± .0742 
(4.) Pd(NH3Cl)2 : PdS : : 100 : 65.651, rb .0051 

e antecedent data are — 

01 = 35.179, rb. 0048 S = 31.828, jz .0015 

K =38.817, dr .0051 AgCl = 142.287, ±: .0037 

N = 13.935, dr .0021 

21 
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(*». 


6^^a. 


7'iuf» 


3.5897 


.\)*».*g 


4.0460 


v>UI 


4.1950 


W\ 


4.1614 
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nee we have for the percentage of osmium and for the osmichloride 
irtional to 100 parts of AgCl — 

Per cent, Os, AgCl : Salt, 

43.446 51.266 

43.484 5 ".320 

43458 5 "-254 

43.453 51.293 

Mean, 51.283, db .0099 

a later paper * two more reductions are given, in which only osmium 
estimated. 

Salt, Os, Percent. Os, 

2.6687 1. 1597 43-456 

2.6937 I. 1706 43.457 

ese determinations, included with the previous four as one series, 
a mean i)ercentage of Os in Am^OsClg of 43.459, ± .0036. 
jondly, potassium osmichloride was treated in the same way, but 
esidue weighed consisted of Os + 2KC1. From this the potassium 
ide was dissolved out, recovered by evaporating the solution, and 
led separately. The volatile portion, 4HC1, was also measured by 
pitation as silver chloride. In Seubert's first paper these data are 
i : 



K^OsCl^ 


Os, 


2KCI. 


iAgCl, 


2.5148 
2. 1 138 


.8405 


.7796 
.6547 


2.9837 
2.5076 



ence, with salt proportional to 100 parts of AgCl in the last column 
ave — 

Per cent, Os, Per cent. KCl. AgCl : Salt. 

31.000 84.091 

39.762 30-973 84.102 



Mean, 84.097, rb .0030 

his second paper Seubert gives fuller data relative to the potassium 
chloride, but treats it somewhat differently. The salt was reduced 
stream of hydrogen as before, but after that the boat containing the 
- 2KC1 was transferred to a platinum tube, in which, by prolonged 
ng in the gas, the potassium chloride was completely volatilized, 
determinations of 4C1 as 4 AgCl were omitte 1. Two series of data 
iven, as follows : 

♦Ann. d. Chem., 261, 25S. 
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K^OsCl^ 

1. 1863 

.9279 
1.0946 

1.6055 

•4495 
.8646 

.7024 

1.2742 
1.0466 



Os, 


Percent, Os, 


.4691 


39.543 


.3667 


39.5"9 


.4330 


39.558 


.6351 


39.558 


.1778 


39.555 


.3417 


39-521 


.2781 


39.593 


.5041 


39.562 


.4141 


39.566 




Mean, 39.553, db.< 


2KCL 


Ptr cent, KCl 


.6820 


30.955 


.6312 


30950 


.8544 


30.961 


.7710 


30.922 


.8843 


30.913 


.5768 


30.898 


.3778 


30899 



K^OsCU, 

a. 2032 

2.0391 

2.7596 

2.4934 
2.8606 

a.8668 

1.2227 

Mean, 30.931 

_ ,. f 31.000 

Earlier set, -^ "^ 

1 30.973 
Mean of all nine detenninations, 30.941, d: .0079 

Tlio single jM^Tventage of osmium in the earlier memoir is obviouslv 
The mtiivjt to examine an? now as follows : 

^i.> IVt cent Os in Am,OsCl^ 43.459. := .0036 
^2»^ 6A|;C1 : Ain,0$Cl, : : 100 : 51.2S3, rr .0099 
Uv ^ 4AsCJ : K,OsC\ : : 100 ; S4.097, ^ .00 jo 
^4»> Per ccnu Os in K,OsO^ 39.553, n .0052 
^5.> IVt cent, KG in K.OsCV 30.051, — .0079 



To wsUuv thei»e laiii^ we have — 



v^ 


,15^ «r^ 


r:: .OCH^ 


K 


>^^^tT, 


-r^vVSI 


N 


»>^^^, 


-t ,CCC1 


^ere aw^ fiw invie\> 


r»N^wi 


,1V . 




>V%m 







»NNW. 


.'i-- 




».NW 


.4' 




Vanw* 


vV^ 






\^^n^»'* 


', IVvNkn. 



KCl =r 74.025, — .0019 

AgCl = I42.2S7, rr .0037 



. Os=r 100. Ill, :^ .0300 

•* = i>x$7o, ^ ,oc>oi 

• = ii&oi4. — 0243 
** = 1^57:, rr -ocaS 



. i> ~ 3$«.5«i^ :^ .0163 
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These figures serve to fix the place of osmium below iridium in the 
jriodic classification of the elements, but are not concordant enough to 
} fully satisfactory. More determinations are evidently needed. 



IRIDIUM. 



The only early determination of the atomic weight of iridium was 

lade by Berzelius * who analyzed potassium iridichloride by the same 

lethod employed with the platinum and the osmium salts. The result 

>und from a single analysis was not far from Ir = 196.7. This is now 

mown to be too high. I have not, therefore, thought it worth while to 

ecalculate Berzelius' figures, but give his estimation as it is stated in 

Joscoe and Schorlemmer's " Treatise on Chemistry." 

In 1878 the matter was taken up by Seubert,t who had at his disposal 

150 grammes of pure iridium. From this he prepared the iridichlorides 

>f ammonium and potassium (NHJjIrClg and KjIrClg, which salts were 

Xiade the basis of his determinations. The potassium salt was dried by 

gentle heating in a stream of dry chlorine. 

Upon ignition of the ammonium salt in hydrogen, metallic iridium 

^as left behind in white coherent laminte. The results obtiiined were as 

bllows : 

Am^IrCl^, Ir, Percent, Ir. 

1-3164 .5755 43725 

1.7 1 22 .7490 43.745 

1.2657 .5536 43.739 

1.3676 .5980 43.726 

2.6496 1. 1586 43.739 

2.8576 1.2489 43.705 

2.9088 1.2724 43.742 

Mean, 43.732, rb .0035 

The potassium salt was also analyzed by decomposition in hydrogen 
^ith special precautions. In the residue the iridium and the potassium 
hloride were separated after the usual method, and both were estimated. 
]ight analyses gave the following weights : 



K^IrCU, 


C/4, Loss. 


Ir, 


KCl. 


1. 6316 


.4779 


.6507 


.5030 


2.2544 


.6600 


.8993 


.6953 


2.1290 


.6238 


.8488 


.6560 


1.8632 


.5457 


.7430 


.5745 


2.6898 


.7878 


1.0726 


.8291 


2.37«9 


.6952 


.9459 


.7308 


2.6092 


.7641 


1.0406 


.8040 


2.5249 


.7395 


1.0070 


.7775 



♦ Poggend. Anualen, 13. 435. 1828. 

tBer. Deutsch. Chem. Gescll., 11, 1757. 1878. 



Ir, 


2KCL 


39.881 


30.829 


39.890 


30.842 


39.868 


30.813 


39.876 


30.835 


39.877 


30.825 


39.879 


30.811 


39.882 


30.814 


39.883 


30.792 
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Hence we have the following percentages, reckoned on the orig^ 
salt: 

a*. 

29.290 

29.277 
29.300 

29.289 

29.287 

29.310 

29.285 

29.288 

Mean, 39.880, d= .0015 Mean, 30.820, d= .0037 Mean, 29.291, d: .0024 

Joly * studied derivatives of iridium trichloride. The salts were t 

at 120°, and reduced in hydrogen. With IrCl,.3KC1.3H,0 he four 

follows : 

SalL Ir, KCl, 

1.5950 .5881 .6803 

1.6386 .6037 .7000 

2.6276 .9689 1. 1 231 

These data, if the weight of the salt itself is considered, give discor 

results, but the ratio Ir : 3KC1 : : 100 : x is satisfactory. The values 

are as follows : 

115.677 
115.952 

115.915 



Mean, 115.848, ±.0583 

The ammonium salt, IrClg.SNH^Cl, gave the subjoined data : 

Wt, of Salt, Wt, of Ir, Per c€nt, Ir, 

1.5772 .6627 42.017 

1.6056 .6742 41.990 

Mean, 42.003, d= .0094 

To sum up, the ratios available for iridium are these : 

(i.) Per cent. Ir in Am,IrClg, 43.732, ifc .0035 
(2.) Per cent. Ir in K,IrClg, 39.880, d= .0015 
(3.) Per cent KCl in K,IrCI„ 30.820, db .0037 
(4.) Per cent. CI4 in K,IrCIg, 29.291, db .0024 
(5.) Per cent. Ir in AmglrCI,, 42.003, zt .0094 
(6.) Ir : 3KCI : : 100 : 1 15.848, =fc .0583 

The data for computation are — 

O = 15.879, =fc .0003 N = 13.935, ± .0021 

CI = 35.179, dr .0048 KCl = 74.025, dr .0019 

K = 38.817, d= .0051 H = I 



*Compt. Rend., no, 1131. 1890. 



id the six independent values for the atomic weight of iridium be- 

From (l) 

From (3) 

From (4) 

From (5I 

From (6) 

General mean 

-I6. Ir = 193.125. 



Ir = l9 


.935 


± 


0300 


•■ = 191.5.1 


± 


out 


" = 19 


bo4 


± 


OA>i<i 


■■ = 19 


641 


± 


0611 


" = '9 


811 


dr 


Ob4t 


■' = 19 


.695 


± 


0966 


lr = i9 


664 


± 


□154 



PLATINUM. 

e earliest work upon the atomic weight of this metal was done by 
ilius,* who reduced platinoua chloride and found it to contain 73.3 
ent. of platinum. Hence Pt = 19.3.155. In a later investigation f 
udied potassium chloroplatinate, K,PtCl,. 6.981 parts of this salt, 
ed in hydrogen, lost 2,024 of chlorine. The residue consisted of 
'. platinum and 2.135 potassium chloride. From these data we may 
Sate the atomic weight of platinum in four ways : 

I 1. From loss of CI upon ignition Pi ^ .96.637 

■ a. From weight of Pt in residue " = 195.897 

I 3. From weight of KC! in residue "='95.38+ 

I 4. From latio belween KCl and Pr ■' = [95.690 

le last of these values is undoubtedly the best, for it is not affected 
rtors due to the possible presence of moisture in the salt analyzed, 
ifiwork done by Andrews t isevenleassatisfactory than the foregoing, 
y for the reason that its full details seem never to have been pub- 
d. Andrews dried potassium chloroplatinate at 105°, and then 
mposed it by means of zinc and water. The excess of zinc having 
dissolved by treatment with acetic and nitric acids, the platinum 
:;nllected upon a filter and weighed, while the chlorine in the filtrate 
estimated by Pelouze's method. Three determinations gave as fol- 
for the atomic weight of platinum : 

197. S6 

197.68 

198.13 

Mean, 197,887 
trttmately, Andrews does not state how his calculations were made. 

tPoKgend. Annslen, 13. if&. i8j8. 

I British Abhoc. Report. 1851. Chem. Gnielte, 10, 
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In 1881 Seubert* published his determinations, basing them up 
very pure chloroplatinates of potassium and ammonium. The amn 
niutn Halt, (NHj^PtCl^, was analyzed by heating in a stream of hydrog< 
expelling that gas by a current of carbon dioxide, and weighing t 
residual metal. In three experiments the hydrochloric acid formi 
during such a reduction was collected in an absorption apparatus, ai 
eHtiinatod by precipitation as silver chloride. Three series of expei 
niouU are given, representing three distinct preparations, as follows: 

Soies I. 



APH^PtCU. 


Pt. 


Percent. Pt. 


2.1266 


.9348 


43.957 


1.7880 


.7858 


43.948 


1.8057 


.7938 


43.960 


2.6876 


1.1811 


43 946 


47674 


2.0959 


43963 


a.0325 

• 


.8935 
Series IL 


43.961 
Mean, 43 956, -^ 002 


Am^PtCl^, 


Pt, 


Percent. Pt, 


3.<H6o 


1.3363 


43.87" 


2.6584 


1. 1663 


43.876 


a. 3334 


1.0238 


43.872 


1.9031 


.S351 


43881 


3'U76 


1.3S10 


43.875 


J 7054 


1.1S71 


4V8S9 




Mean, 43-876, = .001 



Auothor |v^rtiou of thi^ pn^paration, recrystallizeii from water, of 1.43 
grm. gHVt* O.tvUl v^f platinum, or 43.V^>5 |>er cent. 






2 ^ ^^-^ 



t^^csji 



vSmV.^ ///. 




Pt, 


Per cent. Ft. 


1.111$ 


43-9<» 


K44CQ 


43-9S6 


.:^53 


44.001 


.5:>&i 


4*.OX> 


.S>\; 


43- ">n 


• Q"gi> 


45. *» 


I ^XiJK" 


44.00k4 


I . I t » 


4-1^0-20 


1.^:5? I 


43 *»s 




Mfiia. 44.00c. — .003 
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If these series are treated as independent and combined, giving each 
weight as indicated by its probable error, and regarding the single ex- 
eriment with preparation II as equal to one in the first series, we get 

mean percentage of 43.907, =b .0009. On the other hand, if we regard 
he twenty-two experiments as all of equal weight in one series, the mean 
>ercentage of platinum becomes 43.953, dz .0078. Upon comparing the 
irork with that done later by Halberstadt, the latter mean seems the fairer 
)ne to adopt. 

For the chlorine estimations in the ammonium salt, Seubert gives the 
lubjoined data. I add in the last column the weight of salt proportional 
rO 100 parts of silver chloride. 



Am^PtCl^. 


Pt. 


6AgCl. 


Ratio. 


2.7054 


1.1871 


^,22Z(i 


51.802 


2.2748 


.9958 


4.3758 


51.986 


3.0822 


1. 3561 


5- 9496 


51.805 



Mean, 51.864, rt .041 

The potassium salt, K^PtCl^, was also analyzed by ignition in hydro- 
gen, treatment with water, and weighing both the platinum and the 
potassium chloride. The weights given are as follows : 



K^pta^. 


Pt. 


2KCI. 


5.0283 


2.0173 


1.5440 


7.0922 


2.8454 


2.1793 


3.5475 


1.4217 


1.0890 


32296 


I. 2941 


.9904 


35834 


1.4372 


I.IOOI 


4.4232 


1.7746 


'.3547 


4.0993 


1.6444 


1.2589 


4.4139 


1.7713 


1.3516 


J have these percentages, reckoned 


on the origin; 


Pt. 




KCl. 


40.119 




30.706 


40.120 




30.728 


40.076 




30.698 


40.070 




30.666 


40.107 




30.700 


40.120 




30.627 


40.114 




30.710 


40.130 




30.621 



Mean, 40.107, ± .005 



Mean, 30.682, d= .009 



As with the ammonium salt, three experiments were made uf>on the 
potassium compound to determine the amount of chlorine (four atoms 
n this case) lost U}>on ignition in hydrogen. In the fourth column I 
dd the amount of K^PtCl, corresponding to 100 parts of AgCl : 
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K^PtCl^ Pt. 4AgCL Ratio. 

6.7771 . 2.7158 7.9725 85.006 

3.5834 1.437a 4.2270 84.774 

4.4139 i.77'3 5-2144 84,648 

Mean, 84.809, ± .071 

Halberstadt * like Seubert, studied the chloroplatinates of potassi 
and ammonium, and also the corresponding double bromides and plati 
bromide as well. The metal was estimated partly by reduction in 
drogen, as usual, and partly by electrolysis. Platinic bromide gave 
following results : 

7. By Reduction in JET. 



PtBr^. 


Pt. 


Percent. Pt, 


.6396 


.2422 


37.867 


1.7596 


.6659 


37.844 


.9178 


.3476 


37.873 


1. 1594 


.4388 


37.847 


1.9608 


.7420 


37.842 


2.0865 


.7898 


37.853 


4.0796 


1.5422 


37.852 


6.8673 


2.5985 
IL By Electrolysis. 


37.8.^9 


1.25S8 


.4763 


37.837 


1.4937 


.5649 


37.819 



Mean of all ten experiments, 37.847, ± -0033 

The ammonium platinbromide, (NHJ,PtBr^ was prepared in 
ways, and five distinct lots were studied. With this salt, as well as 
those which follow, the data are given in distinct series, with from 
to several ex(>eriment3 in each group, but for present purposes it s 
best to consolidate the material and so put it in more manageable i 
The percentages of platinum and weights found are as follows : 





/. 


By Reduction in 


H. 




Am^Br^ 




Pt. 




Ptr cent. Pt. 


( .6272 




.1719 




27.408 


! 1 .043S 




.2S65 




27.447 


! 1.1724 




.3215 




27.422 


'^I 1.4S62 




.4070 




27.426 


I t.oSti 




.2966 




27.435 


I «>33«3 




.3672 




27.437 



• »er. DvtttKlL Chem. G«9etL. 17. v^^x, iSS*. 







PLATINUM. 




Am^RBr^ 


Pt. 


Per cent. Pi, 




1.0096 


.2769 


27.426 


^ 


'.1935 


.3269 


27.390 




1.3182 


.3611 


27.393 




.2.2476 


.6159 


27.402 




' 1.3358 


.3668 


27.451 




1.7859 


.4899 


27.431 


^ 


4.1641 


1. 1427 


27.441 


^ 


1.1835 


.3250 


27.460 




2.4003 


.6591 


27.459 




.2.5293 


.6940 


27.438 




' 1. 7147 


.4705 


27.439 


4 


2.3014 


.6316 


27.444 


3.0052 


.8245 


27.435 


.4.8592 


1-3329 


27.430 


(1.5337 


.4210 


27.449 


i 2.0373 


.5594 


27.457 


f 


L 2.0939 


.5751 


27.465 
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IL By Electrolysis, 

.4272 

.4397 

.8569 
.3180 

.7081 
.2809 

.4591 
.4591 
.4397 



27.409 
27.392 

27.439 
27.386 

27.427 
27.456 

27.418 

27.418 

27.392 



Mean of all thirty-two experiments, 27.429, dz .0027 

With potassium platinbromide Halberstadt found as follows : 

« 

L By Reduction in H. 



K^PtBr^. 


pt. 


2KBr, 


Per cent, Pt, 


Per cent, KBr, 


' 2.5549 


.6630 


.8071 


25.940 


31.590 


2.6323 


.6831 


.8318 


25.947 


31-599 


* 2.9315 


.7598 


.9259 


25.910 


3'.584 


3.4463 


.8939 


1.0895 


25-938 


31.613 


,4.0081 


1.0404 


1.2653 


25.957 


31.568 


3.9554 


1.0266 


1.2495 


25.954 


31-589 


r 2.0794 


.5388 


.6558 


25.911 


3'.538 


-J 2.1735 


.5635 


.6849 


25.926 


31. 511 


(.2.3099 


.5986 


.7297 


25.914 


3'. 590 


{ 1.4085 


.3645 


.4446 


25.880 


31.565 


.J 2.6166 


.6772 


.8279 


25.881 


31.640 


( 2.6729 


.6923 


.8469 


25.900 


31.684 
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The ratios from which to compute the atomic weight of platinum j 
now as follows, rejecting the work of Berzelius and of Andrews : 

(i.) Percentage of Pt in ammonium platinchloride, 43.946, dz 'O044 
(2.) Percentage of Pt in ammonium pi atin bromide, 27.429, d= .0027 
(3.) Percentage of Pt in potassium platinchloride, 40.101, d!= .0026 
(4.) Percentage of Pt in potassium platinbromide, 25.915, d= .0040 
(5.) Percentage of Pt in platinic bromide, 37.847, db .0033 
(6.) Percentage of KCI in potassium platinchloride, 30.671, db .0060 
(7.) Percentage of KBr in potassium platinbromide, 31.591, db .0068 
(8.) 6AgCI : Am^PtCI, : : 100 : 51.864, db .041 
{9.) 4AgCl : KjPtCl, : : 100 : 84.809, db .071 
. (10.) 2KCI : Pt : : 149.182 : 195.50, =fc .033 

Computing with the subjoined atomic and molecular weights — 
CI = 35- 179, ± .0048 KCI = 74.025, rb .0019 

Hr = 79.344, ±: .0062 KBr = 118.200, ± .0073 

K = 38.817, db .0051 AgCl = 142.287, ±: .0037 

N = 13-935. ± 0021 

WO have the following ten vjUues for platinum : 

Krom (I) Pt = 193-603, rfc .0336 

Fn>m(a) "= 193.493. =b .0248 

From (3) ** = 193.283, :+: .0254 

From ^4) *« = 193-684, =b .0344 

From (5) ** = 193.261, ±z .0248 

FrvHw (6\ ** = 193 938, i^ .0746 

From v7^ ** = »94-538, dr . 1276 

Frv>in v5>> ** = I95-836, :tr .35«5 

Fivmi (0> ** = '93-9*'^. = -4054 

Frvmi ^lo> •* = 194,017. r:: -0331 

iMMWTJil mcjin 1*1 = 193.443, :rr .01 14 

If o = uv i^ - i^.^n:. 

Of tht>^^ ton Yj^luee? the tir?t tire a^\^ obviously the most trustwor 
Thoir^^niewl uu\iu is ^ = IV^UU, — ,0124: orjif O = 16, Pi = 194. 
l^iis rwuU is pc^^tVrHble ;\> the mesAn of all, even though the L&tter n 
little frvv.u it^ Th;^ dve hi^h v^ilue:? o^imr rerv little weijht becaus< 
their Urv^^r pcv>;\AbIe errv^rs^ 



CERIUM. 

Although cerium was discovered almost at the beginning of the present 
cenlurj', its atomic weight was not properly determined until after the 
discover)- of lanthanum and didymium by Moaander. In 1842 the in- 
vestigBtion was undertaken by Beriiiger,* who employed several methods. 
His cerium salts, however, were all rose-colored, and therefore were not 
wholly free from didymium ; and his results are further affected by a 
negligence on his part to fully describe his analytical processes. 

First, a neutralsolutionof cerium chloride was prepared by dissolving 
thecarhonate in hydrochloric acid. This gaveweighte of eerie oxide and 
silver chloride as follows. The third column shows the amount of CeO, 
proportional to 100 parts of AgCl : 

ICeO^. 
■S75S Bnn. 
.6715 •■ 
1.1300 " 
.S3« " 

The naalysis of the dry cerium sulphate K*ve resulls as follows. In 
a fourth column I show the amount of CeO, proportional to 100 parta of 
Ba-SO. : 

BaSOt Ratio. 

i.7fi 6"", 49.649 



AgCt. 


Ratio. 


.419 grm. 


40.557 


-6595 •' 


40.464 


.786 ■' 


40.560 


.33'6 ■' 


40.297 



0.469, ir .0415 



I 



Sulphate. 


CeO^. 


1-379 erm. 


.8495 grr 


1.176 " 


-737s ■ 


1,246 '■ 


-7f'90 ' 


'.553 " 


■9S95 ■ 



49.838 

49.948 
Mean, 49,819. ± 



Beringer also gives a single analysis of the formate and the results of 
one conversion of the sulphide into oxide. The figures are, however, 
not valuable enough to cite. 

The foregoing data involve one variation from Beringer's paper. 
Where I put CeO, as found he puts Ce,0,. The latter is plainly inad- 
missible, although the atomic weights calculated from it agree curiously 
Well with some other determinations. Obviously, the presence of didym- 
iam in the salta analyzed tends to raise the apparent atomic weight of 
cerium. 

Shortly after Beringer, Hermann | published the results of one experi- 
ment. 23.532 grm. of anhydrous cerium sulphate gave 29.160 grm. of 
3it-S0,, Hence 100 parts of the sulphate correspond to 123.926 of BaSO,. 
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In 1848 similar figures were published by Marignac,* who found the 
following amounts of BaSO^ proportional to 100 of dry cerium sulphate: 

122.68 

122.00' 
122.51 

Mean, 122.40, db .138 

If we give Hermann's single result the weight of one experiment in 
this series, and combine, we get a mean value of 122.856, ±: .130. 

Still another method was employed by Marignac. A definite mixture 
was made of solutions of cerium sulphate and barium chloride. To this 
were added, volumetrically, solutions of each salt successively, until 
equilibrium was attained. The figures published give maxima and 
minima for the BaCl, proportional to each lot of CCjCSOJ,. In another 
column, using the -mean value for BaCl, in each case, I put the ratio 
between 100 parts of this salt and the equivalent quantity of sulphate. 
The latter compound was several times recrystallized : 

Fiist crystallization i i.oi i gnn. 1 1.990 — 12.050 grm. 91.606 

First crystaliixation i3->94 ** '4-365 — 14-425 ** 9^-^51 

Second crystallization 13.961 ** '5-225 — 15.285 ** 91.518 

Second crystallization 12.627 " '3'76' — 13.821 •* 9K.559 

Second crystallization 11.915 ** 12.970 — 13.030 " 91.654 

Third crysullization 14.888 " 16.223—16.283 " 91.602 

Third crysullizition 14.113 ** 15.383 — 15.423 •* 91.755 

Fourth crystallization 13.111 ** 14.270—14.330 ** 9I.685 

Fourth crystallization 13.970 " '5.223 — 15.283 " 91.588 

Mean, 91.625, ±.016 

Omitting the valueless experiments of Kjerulf,t we come next to the 
figures publishe<l by Bunsen and Jegel % in 1858. From the air-dried 
sulphate of cerium the metal was precipitated as oxalate, which, ignited, 
gave CeOj. In the filtrate from the oxalate the sulphuric acid was esti- 
mated a^ BaSO^ : 

1.5726 grm. sulphate gave .7S99 grm. CeO, and 1. 6185 grm. BaSO^. 
1.6967 •* .S504 ** '.7500 ** 

Hence, for 100 partj? B;\SO,, the CeO. is as follows : 

4S.S04 
4S.575 



Mean. 4S.6S9, — .077 



• Arch. Sci. Ph\-s- ct Nat. \: . S. rrx. 1S4S. 

+ Ann. Chcm. Pharra.. Sr. n- 

t Ann. Chcm. Pharm.. 105, 15. 1>5S- 
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One experiment was also made upon the oxalate : 

.3530 grm. oxalate gave .1913 CeO, and .0506 H,0. 

Hence, in the dry salt, we have 63.261 per cent, of CeO,. 

In each sample of CeO, the excess of oxygen over Cefi^ was estimated 
by an iodometric titration ; but the data thus obtained need not be fur- 
ther considered. 

In two papers by Rammelsberg* data are given for the atomic weight 
)f cerium, as follows. In the earlier paper cerium sulphate was analyzed, 
uhe cerium being thrown down by caustic potash, and the acid precipi- 
Ated from the filtrate as barium sulphate : 

.413 grm. Cc,(S04), gave .244 grm. CeO, and .513 grm. BaSO^. 

Hence 100 BaSO^ = 47.563 CeO„ a value which may be combined with 
others, thus ; this figure being assigned a weight equal to one experi- 
ment in Bunsen's series : 

Beringer 49-Si9, ± .042 

Hunsen and Jcgel 48.689, zb .077 

Rammelsberg 47'563, ± . 108 

General mean 49.360, dz .035 

It should be noted here that this mean is somewhat arbitrary, since 
^unsen and Rammelsberg's cerium salts were undoubtedly freer from 
idymium than the material studied by Beringer. 

In his later paper Rammelsberg gives these figures concerning cerium 
xalate. One hundred parts gave 10.43 of carbon and 21.73 of water, 
tence the dry salt should yield 48.862 per cent, of CO,, whence Ce = 
37.14. 

In all of the foregoing experiments the eerie oxide was somewhat col- 
red, the tint ranging from one shade to another of light brown according 
> the amount of didymium present. Still, at the best, a color remained, 
'hich was supposed to be characteristic of the oxide itself. In 1868, 
owever, some experiments of Dr. C. Wolff were posthumously made 
ublic, which went to show that pure ceroso-ceric oxide is white, and 
bat all samples previously studied were contaminated with some other 
arth, not necessarily didymium but possibly a new substance, the re- 
loval of which tended to lower the apparent atomic weight of cerium 
ery perceptibly. 

Cerium sulphate was recrystallized at least ten times. Even after 
wenty recrystallizations it still showed spectroscopic traces of didymium. 
?he water contained in each sample of the salt was cautiously estimated, 
md the cerium was thrown down by boiling concentrated solutions of 

* Poggend. Annalen, 55, 65 ; 108, 44. 

t Amer. Journ. Science and Arts (2), 46, 53. 

22 
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oxalic acid. The resulting oxalate was ignited with great care. Ide-J^ 
diioo from tlie weighings the percentage of CeO, given by the anhydrtm 
sulpliate: 



Suiphate. 


Water, 


CeO^ 


Fitr cent. CeO^ 


l.4S42|;rni. 


.19419 grm. 


.76305 grm. 


60.559 


1. 4104 ** 


.1898 " 


.7377 " 


6o-i37 


1.35027 *' 


.1820 ** 


.70665 •• 


60.487 
Mean, 6o.49i 



.\lter the foregoing experiments the sulphate was further purified by 
solution in nitric acid and pouring into a large quantity of boiling watei. 
The prtvipitate was converted int«> sulphate and analyzed as before: 

SnipkaU, UaUr. CeO.. P^ cent. CeOr 

1.43^7 g"n. .2733 y"n. 69925 g™>- 60.311 

i.505<> '* .2775 '* -7405 " 60.296 

1.44045 " .2710 ** .7052 ** 60.300 

Measf 60.302 

FrvMu another puritii*ation the folloirinsi weights were obtained: 

1.46S4 gnr.. .iSSo gnn. -77*7 ^^^- 60 270 per cent. 

A la<t puritiinition g;ive a still lower percentage: 

1.3756 i;nn. . 1S32 grua. .71SC grw. 60 265 per cent 

Tne hist oxide w;\s [H*r;Vc:Iy white, an A was speoirosoopically free from 
didymium. In t^ch v*ase the CeO. w^t? titrate^! i^xloinetrioally for its 
excess ot oxygen. It will l»e nocieevi that in the suoeess^ire series of de- 
tertuinativ^ivs the iveavnCAire of CeO. steadilv an i strikinglv diminished 
to an ex:o:i5 \^r which :v> olinarv ::u^uritv of didvniium can account 

* « « « 

Hix* vieath o:* Pr. Wol:* ;:;:errui<evl the iuv^estrisition. the rc:»ults of which 
were eviUe^i and i*uMls-;e*.i *c*v Prvvessv.>r F. A. Genth. 

It: the Uif:: v^:' ruore revv:u e\ ivienoe. I::;Ie wetiiht can be given U> these 
vv\>erva;:v>:is All the exivrtcireats. :ak.en e-|aa!!y. give a nie:in j*ercent- 
A^^ ,< vVO. :Hnu vV.,Sv\\ .^:' '^Xoi^o. n aV5ijS^ This mean has obviously 
..:;:.c v^r :;o rcw* srittir.carive. 

Th^' cxtHer.:u^:i:s v^:" \VoI:'ji::r:fco:e^i Ii::Ie jk::ea:foa.excep« fn>ni Wing.* 
w hv.^ v^rcra^ ly v-:* r::: tvl vvr^a^r, as^ev^s .» :* thetu. This eheoiist* inoidentallj 
to »5htrr r^'seiArvhteSv t iirir.^l >*,K:!e cerluru sdphate acter the meihoii <A 
\\\\\ a:isI v.ua,u^ :w ,» >"r *Ar ;i::Alyse^ oc ::. jts 5>llow$ : 
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rhe eerie oxide in this case was perfectly white. The cerium nxalate 
lich yielded it was precipitated boiling by a' boiling concentrated eolu- 
n of oxalic acid. The precipitate stood twenty-four hours before 
«ring. 

[ii 1875 Buehrig'B* paperupontheatoniic weight of cerium was issued. 
r first studied the sulphate, which, after eight erystallizationa, still 
ained traces of free sulphuric acid. He found, furthermore, that the 
t obstinately retained traces of water, which could not be wholly ex- 
iled by heat without partial decomposition of the material. Thewe 
jrces of error probably affect all the previously cited series of experi- 
;nts, although, in the case of Wolf's work, it is doul»tful whether they 
uld have influencetl the atomic weight of cerium by more than one or 
u tenths of a unit, liuehrigabo found, as Marignac had earlier shown, 
at upon precipitation of cerium sulphate with barium chloride the 
.rium sulphate invariably carried down traces of cerium. Furthermore, 
e eerie oxide from the filtrate always contained barium. For these 
aaons the sulphate was abandoned, and the atomic weight determina- 
)ns of Buehrig were made with air-dried oxalate. This saltwas placed 
. a series of platinum boats in a combustion tube behind copper oxide. 
. was then burned in a stream of pure, dry oxj'gcn, and the carbonic 
ifi and water were collected after the usual method. Ten experiments 
ere made; in all of them the above-named products were estimated, 
id in five analyses the resulting eerie oxide was also weighed. By de- 
leting the water found from the weight of the air-dried oxalate, the 
iight of the anhydrous oxalate is obtained, and the percentages of its 
n.'itituents are easily determined. In weighing, the articles weighed 
reaiwayd counterpoised with similar m:iterinls. The following weights 
sre found ; 



I 



Oxalate. 


iraler. 


CO... 


C,0,. 


9-8541 grm. 


2.1087 grm. 


3.6942 gnu. 




9S368 ■■ 


2.. 269 ■■ 


3-5752 ■■ 




9.1956 '■ 


2.0735 ■■ 


i4S45 ■■ 




10.0495 " 


2.2364 ■■ 


37704 " 




10,8349 ■' 


2.4'45 " 


4.0586 '■ 




9.3679 ■' 


2.0907 •■ 


3.S'i8 '■ 


4,6150 gr 


9.7646 '■ 


1.176., ■■ 


3.6616 - 


4,8.33 ' 


9.90*6 ■• 


2.1073 " 


3.7'39 " 


4.H824 


9.9376 ■■ 


2.1170 '■ 


3.725' " 


4.8971 


95334 " 


2.1267 '■ 


3-5735 ■' 


4.6974 ' 



I 



These figures give us the folUn 
hydrous oxalate: 



ing percentages for CO^ and CeO, in the 



I 
I 



L 
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100 iiartfl of Ce,(SO,% pave 123.30 of BaSO.. This may he assi»n«l eqoJ 
wei}:ht with one experiment in MariRnac's series, pving the followine 
com hi nation : 

^lennann 113916, ir .138 

Mirigrmc 113.40. dr-ljS 

Schutienlwrgcr 113.30, i .238 

Genenl racv' m.SSS. ± -1139 

Schutzenherger, criticising Brauner'a work, claims that the latter wi» 
affected by u loss of oxygen during the calcination of the cerium dioiidf. 

In hia second and third papera Schutzenberger deacrihes the resotB 
ohtatned upon the Iractional crystallization of cerium sulphate. I'repi- 
ratioiM were thua raa^le yieldinj^ oxides of various colors — canary yelloir. 
rose, yellowish rose, rmldish, and brownish red. These oxides, by syn- 
thesis of sulphates, the barium-sulphate method, etc.. gave var^'ir^ values 
for the atomic weight of cerium, ranging from 13-5.7 to 143.3. Scliulwn- 
berger therefore infere that cerium oxide from cerite contains sin»li 
quantities of another earth of lower molecular weight ; but the result* w 
given are not sufficiently detailed to be conclusive. The thini paper is 
essentially a continuation of the second, with reference to the didymiunif. 

Schutzenberger's papers were promptly followed by one from Brauner.* 
who claims priority in the matter of fractionation, and gives some new 
data, the latter fending to show that cerium oxide is a mixture of atlOBSt 
two earths. One of these, of a dark salmon color, he ascribes to a ne* 
element, " meta-cerium," The other he calls cerium, and givea for it » 
preliminary atomic weight determination. The pure oxalate, hy Giblw' 
tnethod, gave 46.934 per cent, of CeO„ and. on titration with potassium 
permanganate, 29.r>03 and 29.506 per cent, of C,0,- Hence Ce — 138.799. 
In mean, this ratio may be written — 

3C,0, : iCeO, ; : 19.5045 ; 46.934, 

and to each of its numerical terms we may roughly assign the probaWe 
error ± ,001. This is deriveil from the average of the two titrations, and 
is altogether ariiitrary. 
The ratios, good and bad, for cerium now are — 

(I.) Ce,(SO,), : 3B1SO, : ! 100: IJJ.gsS, ^=.11 
12.) jBaSO. : jCeO,:: lOO : 49.360. ± .035 
(3.) 3BnCI, : Ce,(SO,)j : : 100 ; 9:.6l5, ± .016 
(4O 3AgCI : CeO, : : loo : 40.469. ± .0415 
(5.) Pcrecntaee CcO, rrom Ce,(S0.1„ 60.566, ± 
(6,1 Percenuge CeO, ftom <^e,(C,0,)„ 63,4316, .-+: .OCIJI 
(7.) Pcrcetilaee CO, from Ce, ((',('. 1 1. 48.1546, d 
(8.1 3AR! CeCI, : : 100 : 76.167, ±,0065 
(9-) 3*-'iO. : it^eO. = ■ 19-504S. ± ,■»' ■ A^-SiA. 
•Chem. New.,71. jSj. 
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To reduce these ratios we have — 

O = 15.879, rfc .0003 C = 11.920,43.0004 

Cl = 35- > 79, ±-0048 S = 31.828, ±.0015 

Ag = 107.108, d= .0031 Ba = 136.392, ifc .0086 

Aga = 142.287, ±.0037 

From the ratios, with these intermediate data, we can get two values 
for the molecular weight of Ce^CSOJ,, and five for that of CeO^. For 
cerium sulphate. we hav 



From (I) Ce,(SOj3 =.565.404, rb .1670 

From (3) " = 568.304, dr .1054 

General mean Ce2(S04)3 = 567.478, ± .0S91 

Hence Ce = 140.723, ± .0451. 
For eerie oxide the values are — 

From (2) CeOj-— 171.577, =h .1218 

From (4) •* =r 172.746, th.1772 

From (5) ** =170.879, db.0115 

From (6) •' =172.125,^.0177 

From (9) •* = 170.557, it .0076 

General mean CeOj = 1 70.827, db .0060 

And Ce = 139.069, ± .0061. 

For cerium itself, four independent values are now calculable, as 
follows : 

From molecular weight of sulphate. . . Ce = 140.723, i .0451 

From molecular weight of dioxide ... ** = 139.069, db .0061 

From ratio (8) " = 139.206, =b .0263 

From ratio (7) ** = 140.516, dt .0047 

General mean Ce = 140. 1 13, ±: .0036 

If = 16, Ce = 141.181. 

It must be admitted that this combination is of very questionable 
utility. Its component means vary too widely from each other, and in- 
volve too many uncertainties. Furthermore, Schutzenberger and Brau- 
ner both impugn the homogeneity of the sup])osed element, as it ha.s 
hitherto been recognized. Even if no " meta-elements " are involved in 
the discussion, it seems clear, on chemical grounds, that the two lower 
values are really preferable to the two higher, and that ratio (7) receives 
excessive weight. The general mean obtained is probably a full unit too 
high. The value 139.1 is perhaps nearly correct. 
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LANTHANUM. 



Leaving out of account the work of Mosander. and the valueless ex- 
periments of Choubine, we may consider the estimates of the atomic 
weight of hinthanum whicli are due to Hermann, Ramraelsberg, Marig- 
nac, Czudnowicz, Holzmann, Zschiesche, Erk, Cleve, Brauner, Bauer, 
and Bettendorff. 

From Rammelsberg* we have but one analysis. .700 grm. of lantha- 
num sulphate gave .883 grm. of barium sulphate. Hence 100 parts of 
BaSO, are equivalent to 79.276 of La/SOJ,. 

Marignact working also with the sulphate of lanthanum, employed 
two methods. First, the salt in solution was mixed with a slight excess 
of barium chloride. The resulting barium sulphate was filtered oflf and 
weighed ; but, as it contained some occluded lanthanum compounds, its 
weight was too high. In the filtrate the excess of barium was estimated, 
also as sulphate. This last weight of sulphate, deducted from the total 
sulphate which the whole amount of barium chloride could form, gave 
the sulphate actually proportional to the lanthanum compound. The 
following weights are given : 



4.346 grm. 
4.733 



(i 



4.758 grm. 
5.178 



It 



/si BaSO^, 
5.364 grfn. 
5.848 " 



2(i BaSO^. 
.115 grm. 
.147 " 



Hence we have the following quantities of La,(S04)3 proportional to 
100 parts of BaSO^. Column A is deduced from the first BaSO^ and 
column B from the second, after the manner above described : 



A. 

81.022 
30.934 

Mean, 80.978, zh .030 



B. 

83.281 
83.662 

Mean, 83.471, =fc .128 



From A I^ = 13S.47 

From B *' = 147. 13 



A airrees best with other determinations, although, theoretically, it is 
not so good as B. 

Marignac's second method, described in the same paper with the forejro- 
ing experiments, consisted in mixing solutions of La.XSO/s with solution-* 
of BaCl.^, titrating one with the other until equilibrium was established. 
The method has alreadv been described under cerium. The weij^liin-i' 



♦ PogRCiid. Annnlen. 55. 65. 

t Arch. J>ci. rhys. el Nat. (1), 11. 29. 1849. 
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axima and minima for BaCl,. In another column I give La,(S04), 
-tional to 100 parts of BaClj, mean weights being taken for the 

Za,(56>4)5. BaCl^, Ratio. 

11.644 grm. 12.765 — 12.825 grm. 91.004 

12.035 " 13.195 — '3.265 ** 90.968 

10.690 " 11.669 — 11.749 ** 91-297 

12.750 ** 13.920 — 14.000 *• 91.332 

10.757 *• 11.734— 11.814 •* 91.362 

12.672 *• 13.813 — 13.893 *' 9>.475 

9.246 '* 10.080 — 10.160 '* 91.364 

10.292 *' 11.204 — 11.264 ** 91.615 

10.192 '* II. Ill — II. 171 •* 91.482 

Mean, 91.322, it .048 

ce La = 140.2. 

lOUgh not next in chronological order, some still more recent work 
•ignac's* may properly be considered here. The salt studied was 
Iphate of lanthanum, purified by repeated crystallizations. In two 
ments the salt was calcined, and the residual oxide weighed ; in 
bers the lanthanum was precipitated as oxalate, and converted into 
by ignition. The following percentages are given for Ija^O, : 

57.5 I By calcination. 
57.58^ 



57.50 



57.55 I ^P^ 



as oxalate. 



Mean, 57-5475. ±.0115 

atomic weight determinations of Holzmann f were made by analy- 
the sulphate and iodate of lanthanum, and the double nitrate of 
sium and lanthanum. In the sulphate experiments the lantha- 
as first thrown down as oxalate, which, on ignition, yielded oxide, 
ilphuric acid was precipitated as BaSO^ in the filtrate. 

La^{SO^\, La^O^, BaSO^, 

.9663 grm. .5157 grm. 1.1093 grm. 

.6226 ** .3323 ** .7123 ** 

.8669 " .4626 " .9869 " 

je results are best used by taking the ratio between the BaSO^, put 
and the La^Oj. The figures are then as follows : 

46.489 
46652 
46.873 



Mean, 46.671, db .075 



* Ann. Chira. Phys. (4), 30, 68. 1873. 
t Journ. fur Prakt. Chcin., 75, 321. 1858. 
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In the analyses of the iodate the lanthanum was thrown down as ox 
late, as before. The iodic acid was also estimated volumetrically.b 
the figures are hardly available for present discussion. The follow! 
percentages of La,0, were found : 

23-454 

23.419 
23.468 



Mean, 23.447, ±.0216 

The formula of this salt is La,(I0sV3H,0. 

The double nitrate, La,(NO,V3Mg(NO,),.24H,0, gave the follow 
analytical data : 



Sail, 


H^O, 


MgO. 


La^O^. 


.5327 Srm. 


.1569 grm. 


.0417 grm. 


.1131 grm 


.5931 ** 


.1734 *• 


.0467 ** 


.1262 " 


.5662 " 


.1647 - 


.0442 " 


.1197 " 


.3757 ** 




.0297 •* 


.0813 ** 


.3263 *' 




.0256 ** 


.0693 ** 



These weighings give the subjoined percentages of I^O, 



21.231 
21.278 
21. 141 
21.640 
21.238 

Mean, 21.3056, db .058 

These data of Holzmann give values for the molecular weight of 1 
as follows : 

From sulphate ^«Oj = 322.460 

From iodate ** =r 320.726 

From magnesian nitrate ** = 322.904 

Czudnowicz* based his determination of the atomic weight of la 
num upon one analysis of the air-dried sulphate. The salt cont 
22.741 per cent, of water. 

.598 grm. gave .272 grm. La,Os and .586 grm. BaSO^. 

The lja,0, was found by precipitation as oxalate and ignition. 
BaSO^ was thrown down from the filtrate. Reduced to the star 
already adopted, these data give for the percentage of La^O, in the 
drous sulphate the figure 58.668. 79.117 parts of the salt are p 
tional to 100 parts of BaSO^. 

• Journ. fnr Prakt. Chcm., 80, 33. i860. 
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Hermann * studied both the sulphate and the carbonate of lanthanum. 
?*rom the anhydrous sulphate, by precipitation as oxalate and ignition, 
he following percentages of LajO, were obtained : 

57.690 

57.663 
57610 



Mean, 57.654, i .016 

The carbonate, dried at 100°, gave the following percentages : 

68.47 LsjO,. 

27.67 COj. 
3.86 Hfi, 

Reckoning from the ratio between CO^ and La,Oj, the molecular weight 
of the latter becomes 324.254. 

Zschiesche's f experiments consist of six analyses of lanthanum sul- 
phate, which salt was dehydrated at 230°, and afterwards calcined. I 
subjoin his percentages, and in a fourth column deduce from them the 
percentage of La,0, in the anhydroiis salt : 

//^O. SO^. La^O^. La^O^ in Anhydrous Salt, 

22.629 33470 43.909 56.745 
22.562 33.306 44.132 56.964 
22*730 33.200 44.070 57.034 

22.570 z^'Zzz 44.090 56.947 

22.610 33.160 44.240 57. '50 

22.630 33051 44.3»o 57.277 

Mean, 57.021, dr .051 

Erk X found that .474 grm. of LajCSOJg, by precipitation as oxalate and 
ignition, gave .2705 grm. of La^Oj, or 57.068 per cent. .7045 grm. of the 
sulphate also gave .8815 grm . of BaSO^. Hence 100 parts of BaSO^ are 
equivalent to 79.921 of La,(SO,),. 

From Cleve we have two separate investigations relative to the atomic 
wreight of lanthanum. In his first series § strongly calcined La^Oj, spec- 
troscopically pure, was dissolved in nitric acid, and then, by evaporation 
writh sulphuric acid, converted into sulphate : 

1. 9215 grm. La^Oj gave 3.3365 grm. sulphate. 57-590 per cent. 

2.0570 " 3.5705 ** 57.611 

1.6980 ** 2.9445 «' 57.667 

2.0840 " 3.6170 ** 57.617 

1.9565 ** 3.3960 *' 57612 



(I 



Mean, 57.619, ± .0085 



• Journ. fQr Prakt. Chcm., 82, 396. 1861. 

t Journ. fiir Prakt. Chem., 104, 174. 

X Jenaisches Zeitschrifl, 6, 306. 1871. 

I K. Svensk. Vet. Akad. Handlingar, Bd. 3, No. 7. 1874. 
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From the last column, which indicates the percentage of La,0, in 
La,(SO,)„ we get, if SO, = 80, La = 139.15. 

In his second paper,* published nine years later, Cleve gives result^ 
similarly obtained, but with lanthanum oxide much more completely 
freed from other earths. The data are as follows, lettered to corred})ond 
to different fractions of the material studied : 

B. .8390 grm. La,Oj gave 1.4600 sulphate. 57.466 per cent. 

5?.o643 " 57458 " 

1.5645 *• 57.482 " 

** 1. 5108 " 57.486 *• 

1.4817 *' 57.468 

1. 1282 ** 57.490 




1.4817 *♦ 57.468 ** 

** 1. 1282 ** 57.490 " 

1.2746 «* 57.500 *• 

" 2.1703 " 57.490 

2:0217 *♦ 57.481 •' 

*• 2.7407 ;' 57.463 " 

** 2.3248 ** 57-497 ** 

2.5146 " 57.484 " 



Mean, 57.480, rb .0040 

Hence with SO, = 80, La = 138.22. 

From Brauner we also have two sets of determinations, both based upon 
the conversion of pure La^Oj into La^CSOJ,. 

In his first paper; Brauner f gives only two syntheses, as follows: 

1.75933 grm. La^Oj gave 305707 LajCSOJ,. 57.5^6 per cent. 

.92417 •* 1.60589 " 57.549 

Mean, 57.5575 

This mean we may regard as of equal weight with Marignac's, and 
assign to it the same probable error. 

In Brauner's second paper J six experiments are given ; but the weights 
are affected by a misprint in the second determination, which I am un- 
able to correct. Only five of the syntheses, therefore, are given below. 

.7850 grm. La^Oj gave 1.3658 La,(S04)3. 57-476 per cent. 

2.1052 " 3.6633 *• 57.467 ** 

i.ooio *' 1.7411 " 57.525 *' 

1.3807 ** 2.4021 " 57.479 

1.5275 " 2.6588 " 57.451 






Mean, 57.480, ± .0084 

Brauner's weighings are all reduced to a vacuum. 

Both Bauer and Bettendorff made their determinations of the atoDUC 

* K. Svensk. Vet. Akad. Handlingar, No. 2, 1883. 

t Journ. Chera. Soc., Feb., 1882, p. 68. 

X Sitzungsb. Wieu. Akad., June, 18S2. Bd. 86, II Abth. 
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ii of lanthanum by the same general method as the preceding 
's data * are as follows : 

.6431 grm. La|0, gave 1. 1 171 sulphate. 57.569 per cent. 

.7825 ** 1.3613 ** 57.482 ** 

1.0112 •' 1.757' " 57.549 ** 

.7325 " '-2725 " 57.564 



(€ 



Mean, 57.541, ± .0136 

tendorff found t — 

.9146 grm. LajOj gave 1.5900 sulphate. 57.522 per cent. 

.9395 ** 1.6332 *' 57.525 ** 

.9*33 " 1.5877 " 57.523 " 

1.0651 ** 1.8515 " 57.526 



(4 



Mean, 57.524, zh .0006 

may now combine the similar means into general means, and de- 
a value for the atomic weight of lanthanum. For the percentage of 
t in sulphate we have estimates as follows. The single experiments 
idnowicz and of Erk are assigned the probable error and weight of 
lie experiment in Hermann's series : 

Czudnowicz. . 58.668, i .027 

Erk 57.068, d= .027 

Hermann 57.654, :i= .016 

2^chiesche 57.02 1 , ±: .05 1 

Marignac 57.5475i ± -O* '5 

Cleve, earlier series 57.619, ± .0085 

Cleve, later series 57.48o, ± .0040 

Brauner, earlier series 57.5575i ± -0115 

Brauner, later series 57.480, dz .0084 

Bauer 5754', =b .0136 

Bettendorff. 57-524, ± .0006 

General mean * 57*522, d= .00059 

is result is practically identical with that of Bettendorff, whose work 
3 to receive excessive weight. The figure, however, cannot be far 
f the way. 

r the quantity of La^CSO^), proportional to 100 parts of BaSO^, we 
five experiments, which may be given equal weight and averaged 
her: 

Marignac 81.022 

Marignac 80.934 

Rammelsberg 79.276 

Czudnowicz 79. 1 1 7 

Erk 79.92 1 



Mean, 80.054, ± .270 



* Freiburg: Inaugural Dissertation, 1884. 
j Ann. d. Chem., 256, 168. 
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In alL th^:re are six ratios from which to calculate: 

'u, Fertesuge of L«/>, w La, SO^)^ 57-5**. == -«»S9 

a. 3K*Srj^ : Lv'SO^), r : 100 : 80.054. := ^ 

^4.y jBa-SO^ : La/), : : 100 : 46.671, := a>75— J 

(5,/ Fcrceau^ of La,Oj in iodate, 23.447, rr .oai6 — H< 

/^6,; Fercentafe of La,0, ia magnessan aitnte, 21.5056, :rr .058 — HohaiM 



Hermann 'if idngle experiment on the carbonate is omitted fromt 
ischeme ah l>eing unimportant. 

For the reduction of these data we hare — 

0= 15.879,^.0003 N = 13-935. rr .002I 

a =r- 35.179, :2=. 0048 ^ C = 11.920, =r .0004 

I = 125. 88S, :^ .0069 Mg= 24. 100. =!= .001 1 

S = 31.828, ±: .0015 Ba = 136.392, rrr .0086 

For lanthanum sulphate two values are obtainable : 

Pnmi(2) La,(^4), = 566.425. rr .2999 

From (3) " = 556.542, = 1.8729 

General mean La,(S04), = 566. 182, — .2961 

Hence I>a =» 140.075, db .1481. 

For the oxide there are four independent values, as follows: 

From (i) L24O, = 322.825, ztr.0090 

FVom (4) " =322.460,^1.5215 

From (5) *• = 320.726, db .3159 

From (6) ** = 322.904, rb .9107 

A glance at these figures shows that the first alone deserves consu 
tion, and that a combination of all would vary inappreciably froi 
Taking, then, La,0, = 322.825, ± .0090, we get— 

La= 137.594, db.0046; 

or, with =- 16, La = 138.642. 

If we take the concordant results of Cleve s and Brauner's later s( 
which give the percentage of La^O, in 1^(80^, as 57.480, then I 
137.316. Possibly this value may be better than the other, but the 
dence is not conclusive. 
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aving Mosander's early experiments out of account, the atomic 
hi of the so-called *' didymium " was determined by Marignac, Her- 
n, Zschiesche, Erk, Cleve, Brauner, and Bauer. All of these data 
have only historical value, and may be disposed of very briefly, 
arignac* determined the ratios between didymium sulphate and 
am vsulphate, between silver chloride and didymia, and between 
miuni sulphate and didymium oxide. The other determinations all 
e to the sulphate-oxide ratio. Leaving all else out of account, the 
er data for the percentage of Di^O, in Di-^SOJ, are as follows. The 
lie weight of Di in the last column is based upon SOj = 80 : 

Per cent Di^O^. At. IVL Di, 

MarignaCjt five experiments 58.270 '43-56 

Hermann, J one experiment 58.140 142.67 

Zschiesche, § five experiments . 57-926 141. 21 

Erk, II two experiments 58.090 142.33 

Cleve, If six experiments 58.766 147.02 

Brauner,** three experiments 58.681 146.42 

le discordance of the determinations is manifest, and yet up to 1883 
elementary nature of didymium seems to have been undoubted. In 
year, however, Cleve and Brauner both showed, independently, that 
didymia previously studied by them contained samaria, and that 
ce of disturbance was eliminated. 

I Brauner 's investigation ft the didymium compounds were carefully 
iionated, and the determinations of atomic weight were made by 
liesis of the sulphate from the oxide in the usual way. Neglecting 
ils, his first series gave results as follows : 

Per cent. Di^O^. At. Wt. 

58.506 145-36 

58.526 145.50 

58.500 "45-3I 

58.515 H5.42 

58.531 H5.53 



no papers: Arch. Sci. Phys. ct Nat. (i), ii, 29. 1849. Ann. Chitn. Phys. (3), 38, 148. 1853. 

nn. Chira. Phys. (3), 38. 148. 1853. 

•urn. filr Prakt. Chem., 82, 367. 1861. 

urn. fur Prakt. Chem., 107, 74. 

•naisches Zeitschrift. 6. 306. 1871. 

. Svcnsk. Vet. Akad. Haudl., Bd. 2, No. 8. 1874. 

lerichte, 15, 109. 1882. 

ourn. Chem. Soc., June, 1883. The values given arc as computed by Brauner, with O » 16 

\ = 32.07. 
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Another detennination, with material refractionated from that used in 
his investigation of the previous year, gave 58.512 per cent. Di,0, tod 
Di = 145.40. , 

• These determinations, although concordant among themselves, are 
still about a unit lower than those published in 1882, indicating that in 
the earlier research some earth of higher molecular weight was present 
Accordingly, another series of fractionations was carried out, and the 
several fractions of " didy mia '^ obtained gave the following values : 

Fraction, Ftr cent. Difi^ At. WL '*Di:' 

» 5«.355 «44.3« 

2 58-479 i45-i6 

3 58.5«o 145-39 

4 58.755 «47.«o 

3 J 59.071 149.35 
( 59.086 149^46 

The last fraction is evidently near samaria (Sm = 150), and this earth 
was proved to be present by a study of th& absorption spectra of the 
material investigated. 

Similar results, but in some respects more explicit, were obtained by 
Cleve,* who also found that his earlier research had been vitiated by the 
presence of samaria. He gives two series of syntheses of sulphate from 
oxide, with two different lots of material, after eliminating samaria, and 
obtains, computing with SO, = 80, values for Di as follows : 

First Series. 

Per cent. Difi^ At. Wt. Du 

58.0S8 142.31 

• 58.113 i42.49 

58.CM7 142.03 

58.C99 142.39 

58.104 142.42 

58.098 142.38 

5S. 104 142.42 

58.103 142.42 

58. 070 142.19 

58.079 »42.25 

Second Series. 

Per cent. Di^Oy At. IVt. Di. 

58. 125 142.57 

5S.093 "42.35 

5S.0SS 142.31 

5S. 1 1 1 '42.47 

5S.050 142.10 

5S.0Q7 142. 38 

5S.057 142.10 

In short, the atoniio weight of thisi " didvmium " is not far from 142. 

•Hull. S*.v. Chira.. 50. ;So. 1S85. OiV. K. Vet. Akad. Forhandl.. No. a, 18S3- 
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Bauer's little known determinations * were also made by the synthesis 
of the sulphate. They have corroborative value and are as follows : 

Per cent. Di^O^, AL Wt. Di, 

58.285 143.56 

58.100 142.40 

58.133 142.64 

• 58.098 142.38 

In 1885 all of the foregoing determinations were practically brushed 
aside by Auer von Welsbach^f who by the most laborious fractionations 
proved that the so-called " didymia " was really a mixture of oxides, 
whose metals he names neodidymium and praseodidymium, names 
which are now commonly shortened into neodymium and praseodymium. 
One of these metals gives deep rose-colored salts, the other forms green 
compounds, and the difference of color is almost as strongly marked as 
in the cases of cobalt and nickel. Their atomic weights, determined by 
the sulphate method, are given by Welsbach a> — 

Pr =143.6 

Nd= 140.8 

• No further details as to these determinations are cited, and whether 
they rest upon = 16, SOj = 80, or = lo.96 is uncertain. Fuller deter- 
minations are evidently needed. 

• Freiburg Inaugural Dissertation, 1884. 
t Monatsh. Chem., 6. 490. 1885. 
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In 1865 Delafontaine * published some results obtained from yttrium 
sulphate, the yttrium being thrown down as oxalate and weighed as 
oxide. In the fourth column I give the percentages of Yt^O, reckoned 
from the anhydrous sulphate: 

Sulphate, Yt^O^, H^O. Percent. YLfl^ 

•9545 g™. -371 g^- .216 grm. 50-237 

2.485 " .9585 *' .565 " 49.922 

2.153 ** .827 " .4935 " 49.834 



Mean, 49.998, d: .081 

In another paper f Delafontaine gives the following percentages of 
YtjO, in dry sulphate. The mode of estimation was the same as before: 

48.23 
48.09 

48.37 



Mean, 48.23, zh .055 

Bahr and Bunsen, % and likewise Cleve, adopted the method of con- 
verting dry yttrium oxide into anhydrous sulphate, and noting the gain 
in weight. Bahr and Bunsen give us the two following results. I add 
the usual percentage column : 



Yt^O^, 

.'jzdd grm. 
.7856 - 


Yt^{SO,\. 

^4737 grm. 
1.5956 " 


Percent. Yt^O^. 

49.304 
49.235 



Mean, 49.2695, db .0233 

elevens first results are published in a joint memoir by Cleveland 
Hoeglund,§ and are as follows : 



Yl,Oy 


Yt,{SO,\. 


Percent. YLfl^. 


1.4060 grm. 


2.8925 grm. 


48.608 


1.0930 «« 


2.2515 ** 


48.545 


1.4540 ** 


2.9895 ** 


48.637 


1.3285 '* 


2.7320 ** 


48.627 


2.3500 '♦ 


4.8330 •* 


48.624 


2.5780 " 


5.3055 '* 


48.591 



Mean, 48.605, i .0096 

In a later paper Cleve || gives syntheses of yttrium sulphate made with 
yttria, which was carefully freed from terbia. The weights and percent- 
ages are as follows : 

♦Ann. Chcm. Pharm., 134, 108. 1865. 

t Arch. Sci. Phys. et Nat. (2), 25, 119. 1866, 

t Ann. Chem. Pharm., 137, 21. 1866. 

\ K. Svenska Vet. Akad. Handlingar, Bd. i, No. 8. 1873. 

I K. Svenska Vet. Akad. Handling:ar, No. 9, 1882. See also Bull. See. Chim., 39, lao. 1883. 





YTTRIUM. 




Yi^O,. 


ytAso,),, 


Percent, Yt^O^. 


.8786 


I.8113 


48.507 


.8363 


I 7234 


48.526 


.8906 


1.8364 


48.497 


.7102 


1.4645 


48.494 


.7372 


1. 5194 


48.5*9 


.9724 


2.0047 


48.506 


.9308 


1.9197 


48.487 


.8341 


1.7204 


48.483 


1.0224 


2.1073 


48.517 


•9384 


J.934I 


48.519 


.9744 


2.0093 


48.494 


1. 5314 


3.1586 


48.484 
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Mean, 48.503, di .0029 

3nce Yt = 88.449. 

le y ttria studied by Jones* had been purified by Rowland's method — 
is, by precipitation with potassium ferrocyanide— and certainly con- 
id less than one-half of one per cent, of other rare earths as possible 
irities. Two series of determinations were made — one by ignition of 
ulphate, the other by its synthesis. The results were as follows, with 
isual percentage column added : 

FirBi Series, Syntheses, 



YLfi^. 


YiJ,SO,)^, 


Percent. Yt^O^. 


.2415 


.4984 


48.455 


.4112 


.8485 


48.462 


-2238 


.4617 


48.473 


.3334 


.6879 


48.466 


.3408 


.7033 


48.457 


.3418 


.7049 


48.489 


.2810 


.5798 


48.465 


.3781 


.7803 


48.456 


.4379 


.9032 


48.483 


.4798 


.9901 


48.460 




Mean, 48.467, ± .0025 




Second Series, Analyses 


• 


Yt^{SO,\, 


Yt,0,, 


Percent. Yt^O^. 


.5906 


.2862 


48.459 


.49 » 8 


.2383 


48.455 


.5579 


.2705 


48.485 


.6430 


.3"7 


48.478 


.6953 


.3369 


48.454 


1.4192 


.6880 


48.478 


.8307 


.4027 


48.477 


.7980 


.3869 


48.484 


.8538 


.4139 


48.477 


I. 1890 


.5763 


48.469 






Mean, 48.472, rb .0024 



• Amer. Chem. Journ., 17, 154. 1895. 
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From syntheses Yt = 88.287 

From analyses ** = 88.309 

These data of Jones were briefly criticised by Delafontaine,* whi 
gards a lower value as more probable. In a brief rejoinder f J 
defended his own work ; but neither the attack nor the reply n 
farther consideration here. They are referred to merely as part of 
record. 

For the percentage of yttria in the sulphate we now have eight se 
of determinations, to be combined in the usual way : 

Popp 51*208, d=.oiio 

Delafontaine, first. . 49*998, ± .0810 

Delafontaine, second. .• 48.230, ± .0550 

Bahr and Bunsen 49.2695, dr *0233 

CIcve, earlier 48.605, ± .0096 

Cleve, later 48.503, db .0029 

Jones, syntheses 48.467, ± .0025 

Jones, analyses 48.472, it .0024 

General mean 48.532, zh .0015 

Hence, if = 15.879, ± .0003, and S = 31.828, ± .0015, 

Yt = 88.580, ± .0053. 

If = 16, Yt = 89.255. 

If only the four series by Clove and by Jones are considered, tli 
percentage of yttria in the sulphate becomes 48.481. Hence Yt = 
or, with O = 16, 89.023. 

This result is preferable to that derived from all the data, for i 
out determinations which are certainlv erroneous. Cleve s ea' 
might also be rejected, but its influence is insignificant. 

•Chem. News, 71, 243. 
tChera. News, 71, 305. 
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SAMARIUM, GADOLINIUM, ERBIUM, AND YTTERBIUM. 

The data relative to the atomic weights of these rare elements are 
rather scanty, and all depend upon analyses or syntheses of the sul- 
phates. 

SAMARIUM. 

Atomic weight given by Marignac,* without details, as 149.4, and by 
Brauner,t as 150.7 in maximum. The first regular series of determina- 
tions was by Cleve, J who effected the synthesis of the sulphate fn.»m tlie 
oxide. Data as follows : 

Sm^Oy Sm^{SO^)i. Percent. Sm^Og. 

1.6735 2.8278 59,180 

«.97o6 3.3301 59.175 

1. 1 122 1.8787 59.201 

1.0634 1.7966 59.190 

.8547 1.4440 59>90 

.7447 ".2583 59.1S3 

Mean, 59.1865, ±z .0025 

Hence Sm = 149.038. 

Another set of determinations by Bettendorff,§ after the same general 
method, gave as follows : 

Sm^O^, Sm^(SOi)^. Per cent, Sm^O^, 

1.0467 1.7675 59.219 

1.0555 ".7818 59.238 

1.0195 1. 7210 59.225 

Mean, 59,227, di .003S 

Hence Sm = 149.328. 

Combining the two series, we have — • 

Clevc 59. 1 865, — .0025 

BettendorfT. 59. 227, ± .0038 

General mean 59* 1 99> ifc -002 1 

Hence, if SO, = 79.465, ± .00175, 

Sm = 149. 1 27, ± .01 1 5. 

IfO« 16, Sm = 150.263. 

-According to Demar^ay,!! samaria contains an admixed earth wIidso 
PJ^perties are yet to be described. 

♦Arch. Sci. Phys. et Nat. (3), 3, 435. 18S0. 

t Joum. Chem. Soc., June, 1883. 

IJoum. Chem. Soc., August, 1883. Compt. Rend., 97, 94. 

{Ann. Chem. Pharm., 263. 164. 1891. 

I Compt. Rend., 122, 728. 1896. 
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GADOLINIUM. 



This element, discovered by Marignac, must not be confounded with 
the mixture of metals from the gadolinite earths to which Nordenskiold 
gave the same name. Several determinations of its atomic weight have 
been made, but Bettendorff's only were published with proper details.* 
He effected the synthesis of the sulphate from the oxide, and his weights 
were as follows. The percentage of GdjO, in Gd^CSOJ, is given in the 
third column: 



Gd^O^. 


Gd,{SO,),, 


Percent, Gd^O^ 


1.0682 


1.7779 


60.082 


1.0580 


I. 7611 


60.076 


1.0796 


1.7969 


60.081 



Mean, 60.080, ± .0013 

Hence, with SO, r= 79.465, Gd = 155.575. 

If = 16, Gd = 156.761. 

Boisbaudran t found Gd = 155.33, 156.06, 155.76, and 156.12. The la^t 
he considers the best, but gives no details as to antecedent values. He 
also quotes Marignac, who found Gd -^^ 156.75, and Cleve, who found 
154.15, 155.28, 155.1, and 154.77. Probably these all depend upon 
SO3 = 80. 

ERBIUM. 

Since the eartli which was formerly regarded as the oxide of this metal 
is now known to be a mixture of two or three different oxides, the older 
determinations of its molecular weight have little more than historical 
interest. Nevertheless the work done by several investigators may prop- 
erly be cited, since it sheds some light upon certain important problems. 

Fii-st, Delafontaine's J early investigations may be considered. A sul- 
phate, regarded as erbium sulphate, gave the following data. An oxalate 
was thrown down from it, which, upon ignition, gave oxide. The per- 
centages in the fourth column refer to the anhydrous sulphate. In the 
last experiment water was not estimated, and I assume for its water the 
mean percentage of the four preceding experiments : 



Sulphate. 


Er^O^, 


H^O, 


Per cent, Er^O^. 


.827 grm. 


.353 grm. 


.177 grm. 




54.308 


1.0485 '* 


.4475 " 


.226 " 




54.407 


.803 " 


.3415 " 


.171 •* 




54.035 


1.232 *' 


.523 *' 


.264 " 




54.028 


1. 1505 '• 


.495 " 




Mean, 


54760 
. 54.308, -^ .0915 


Hence Er — 117.86. 











• Ann. Chera. Pharm., 270. 376. 1892. 

tCompt. Rend., in, 409. 1890. 

X Ann. Chem. Pharm., 134, 108. 1865. 
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Bahr and Bunsen * give a series of results, representing successive puri- 
mtions of the earth which was studied. The final result, obtained by 
le conversion of oxide into sulphate, was as follows : 

.7870 grm. oxide gave 1.2765 grm. sulphate. 61.653 per cent, oxide. 



Hence Kr 


— 167.82. 






Hoeglund,t following 


the method of Bahr and Bunsen, gives these 


38UltS : 










Erfi^. 


Er^{SO,\. 


Percent. Er^O^, 




1.8760 grm. 


3.0360 grm. 


61.792 




1.7990 ** 


2.9100 ** 


61.821 




2.8410 •' 


4.5935 *' 


61.848 




1.2850 *' 


2.0775 " 


61.853 




1. 1300 '* 


1.827 «' 


61.850 




.8475 •' 


1.370 " 


61.861 



Mean, 61.8375, ± .0063 

Hence Ef = 169.33. 

According to Thal6n,t spectroscopic evidence shows that the " erbia " 
tudied by Hoeglund was largely ytterbia. * 
Humpidge and Burney § give data as follows : 

1.9596 grm. Er,(SOj3 gave 1.2147 grm. Er^O,. 61.987 per cent. 
1. 9011 ** 1.1781 ** 61.965 ** 



Mean, 61.976, ± .0074 

Hence Er= 170,46. 

The foregoing data were all published before the con:posite nature of 
le supposed erbia was fully recognized. It will be seen, however, that 
iree sets of results were fairly comparable, while Delafontaine evidently 
'Udied an earth widely different from that investigated by the others, 
ince the discovery of ytterbium, some light has been thrown on the 
latter. The old erbia is a mixture of several earths, to one of which, a 
>se-colored body, the name erbia is now restricted. For the atomic 
eight of the true erbium Cleve || gives three determinations, based on 
^ntheses of the sulphate after the usual method. His weights were as 
•Hows, with the percentage ratio added : 



Er^O^. 


Er.,{SO,\, 


Per cent. Er^O^ 


1.0692 


'•7436 


61.321 


».2»53 


1.9820 


61.317 


.7850 


1.2808 


61.290 



Hence, with SO3 = 79.465, Er = 165.059. 
IfO =16, Er=: 166.316. 



Mean, 61.309, db .0068 



♦Ann. Chem. Pharm., 137, 21. 1866. 

fK. Svenska Vet. Akad. Handlingar, Bd. i, No. 6. 

I Wiedemann's Beibl&tter, 5, 122. 1S81. 

'i'^oxxxxk. Chem. Soc., Feb., 1879, p. 116. 

I K. Svensk. Vet. Akad. Handlingar, No. 7. 1880. Abstract in Compt. Rend., 91, 382. 
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TABLE OF ATOMIC WEIGHTS. 

The following table contains the values for the various atomic weigh 
found or adopted in the preceding calculations. As the table is intends 
for practical use, the figures are given only to the second decimal, tl: 
third being rarely, if ever, significant. In most cases even the first dec 
mal is uncertain, and in some instances whole units may be in doubt. 

H = i. = i6. 

Aluminum 26.91 27.11 • 

Antimony ^19.52 120.43 

Argon ? ? 

Arsenic * 74-44 75.0* 

Barium 136.39 '3743 

Bismuth 206.54 208. 1 1 

Boron 10.86 10.95 

Bromine 79.34 7995 

Cadmium iii.io m.9S 

Caesium I3>.89 132.89 

Calcium 3976 4007 

Carbon 11.92 12.01 

Cerium ' 139. 10 140.20 

Chlorine 35 18 35.45 

Qhromium 5»-74 52.14 

Cobalt 58.49 58.93 

Columbium 93.02 93*73 

Copper 63. 12 63.60 

Erbium 165.06 166.32 

Fluorine. 18.91 19.06 

Gadolinium '55 57 156.76 

Gallium 69.38 69.91 

Germanium 7'. 93 72.48 

Glucinum 9.01 9.08 

Gold 195.74 197.23 

Helium ? ? 

Hydrogen i.ooo 1.008 

Indium 112.99 "3.85 

Iodine v 125.89 126.85 

Iridium 191.66 193- '2 

Iron 55.60 56.02 

Lanthanum >37.59 M8.64 

Lead 205.36 206.92 

Lithium 6.97 7.03 

Magnesium 24. 10 24. 28 

Manganese 54.57 54-99 

Mercury 198.49 200.00 

Molybdenum 95-26 95-99 

Neodymium 1 39- 70 140.80 

Nickel 58.24 58.69 
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H = i. 0=i6. 

Nitrogen ^3.93 »4.04 

Osmium 1^9-55 '90«99 

Oxygen 15.88 16.00 

Palladium 105.56 106.36 

Phosphorus • 30.79* 31.02 

Platinum 193-41 194-89 

Potassium 38.82 39. 1 1 

Praseodymium 142.50 143.60 

Rhodium 102.23 103.01 

Rubidium 84.78 85.43 

Ruthenium 100.91 101.68 

Samarium I49> 13 150.26 

Scandium .... , 43-78 44. 12 

Selenium 78.42 79.02 

Silicon 28(!i8 28.40 

Silver 107. 1 1 107.92 

Sodium 22.88 23.05 

Strontium 86.95 87.61 

Sulphur 31.83 32.07 

Tantalum 181.45 182.84 

Tellurium 126.52 127.49 

Terbium 158.80 160.00 

Thallium 202.61 204.15 

Thorium 230.87 232.63 

Thulium 169.40 170.70 

Tin 1 18. 15 119.05 

Titanium 47.79 48. 1 5 

Tungsten 183.43 184.83 

Uranium 237.77 239.59 

Vanadium 50.99 5' -38 

Ytterbium 171.88 17319 • 

Yttrium 88.35 89.02 

Zinc 64.91 65.41 

Zirconium 89. 72 90.40 
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